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INTRODUCTION 
Salmonello s i s, a di sease caused by the Salmonella specie s, i s  
still one of the mo s t  impor tant di sease problems i n  the world . I n  
·the Uni ted S ta t e s  alone i t  i s  e s t imated that two million human cases  
occur annually. In add i tion to this·, it is an impo�tant zoono t i c  
d i sease o f  cattle, poultry and o ther dome s ti c  animals . Annually the 
total cos t  to Uni ted States  economy be cause of Salmonellosis is e s t i­
ma ted to be a t  l ea s t  300 million dollars . The d i sease  i s  primarily 
transmi t ted as food-borne and water-borne d isease and, s e condarily, 
1 
by human and animal contact (12) . Therefore, a rapid method of Sal­
monella ce ll d e te ction is needed to prevent outbreaks of Salmonellosis . 
The present mE>thods for §..§l.:.1���1"!_� detection are time-cons uming 
as mo s t  of t hem require i s ola tion and conf irma tion by caltural, bio-· 
chemi cal and serological methods . M�re re cently the fluore s cent 
labeled anti body s ta ining me thod,which can save two to three days 
in confirming t he presence of Salmonella cells,has been propo sed (29 , 
52). I t  has been d iff i c ult to automate a fluore s cent  labeled ant i body 
s taining me thod . This micro scop i c  me thod also requires a large number 
of ce lls to de tect  the pre sence of Salmonella cells . 
I t  would be d e s irable to develop a more sens i t i ve me thod tha t  
retains the speci f i city and the speed of the anti gen-anti body me t hod, 
that i s  semi-automated, and tha t  would have the capability of bei ng 
an automated me thod . 
D uvall (15) , O l sen (46), Parikh ( 4 9 ) , Parikh et al . (SO, 51) and 
Sorensen (58) have developed a rapid , specific, sens i tive, 
2 
semi-automated method which utilizes a Coulter Counter for the detection 
of small particulate antigens,like virus,and soluble antigens- such as 
enterotoxin by a volume increase of 2. 02 AI diameter latex particles 
coated with antibody. The Coulter Counter data were analyzed using 
a specific program developed by Paril(h et al. with a programmable 
calculator. The analyzed data were printed and a plot was plotted by 
a teletype printer. 
The present study was designed to determine whether this Coulter 
Counter antigen-antibody latex system of Parikh (49) and Parikh et al. 
( 50, 51) could be applied to larger particulate antigens, e . g. Salmon­
ella cells. 
This method utilizes very uniform latex particles and a Coulter 
Counter for detection of Salmonella typhimurium cells. The latex par­
ticles are coated with a specific antiserum which reacts with the par­
ticulate antigen, Salmonella cells. An increase in the volume of latex 
antibody and Salmonella cells is detected by the Coulter Counter. The 
use of programmable calculator analysi.s of Coulter Counter data and a 
teletype to plot the data shortens the time consumption. This method 
also has a potential to be completely automated. 
3 
LITERATIJRE REVIEW 
A report prepared by the Committee on Salmonella of the National 
Science Foundation indicates there is a danger of infection for humans 
because of salJI:lonellae in food and water (12 ) . Grau and Smith ( 21 )  
reported the isolation of Salmonella species from sheep faeces, and 
Miner et al. (39) found cattle were infected by Salmonella infantis. 
Otis and Behler (47 )  indicated Salmonella species were isolated from 
turtles of the New York zoological park. Sharma et al. (55) found that 
frogs are also carriers of Salmonella spp. These reports indicate that 
many animals are also suffering from Salmonella infections. 
There has been much work done on the development o-f new methods 
whicb may be used for identification and determination of the nwnber 
of Salmonella.. cells in a given sample. 
Of the many different methods used to detect the presence of path­
ogens in samples, as compared by Nothnagel (45), none were rapid or 
capable of automation. It is important, therefore, to recognize that: 
1. Knowledge of the pollution is important before the water can 
be used beneficially, e.g. for drinking water supply. 
2 .  There is no standard method for pathogen detection in water 
( 2). 
Therefore, the estimation of the possible presence of pathogens like 
Salmonella is based only on the indirect evidence obtained by determin­
ing bacterial indicators, such as total coliform, fecal coliform and 
fecal streptococci. Cherry and Hanks (11) named Salmonella as an im­
portant index of pollution of surface water. However, the detection 
of �aJ.H!onellae from water is much more difficult than from clinical 
samples or f·rom ·:oocl so.1"n;JJ.E·s because of their low density and low via-
bili ty, The t:yp2�.; of i:tf::� thGds used for detection of salmonellae dcpl::nd 
otl t.bC! typ� \>f ::;::.! . . m pl c: ��) tw d.11aly:,1,<::J- The older cultural methods have 
pa ti JO f;C!fl.S 
Cul ti.Jr�.) c:�nc� B :l.oci.1�;��'.:.ca l !:·h-:t!J.wls ------ - - - - - · - .,. - --- - - - · ·--· ""·--.. ·------ .. --.'----·-·--.... 
Pr.eenrj. chrilcr� i: 
No:cth (4l1) int;:oducrJd lactos�� broth as a preenrichment, non·-
selective <::.nd non··inhibit�>ry mediurn for d<?t�ction of Salmonella cells 
fr.orn c.lried Pt;gsr SpPrbA1� �.nr:l Deihel. (59) used lactose broth for sal-
rnon€lla� dctecticn in dried fcods and feeds. Fantasia et al. used 
this truth fo·L� isolation of .salmonellae from raw chicken and hamburg�r 
(17). 
Pierce showed that brain heart infusion (131II) broth at /�J. . 5 C 
improved the growth and recovery of salmonellae from river water com-
pared to commonly used lactose broth (52). 
End.cbment 
The wor:d enrichmtmt means selective inhibition to many orsanisms 
while allowins salmonellae to grow 1mrestricted. Pierce ( 52) compared 
selenite cystine broth and tetrathionatc broth, which �erP equivalent 
in their ability to select salmonellae from river water. Mohr et al. 
(1•0) found tctrathionate enrichr11cnt superior to �elen:!.t:c cyst:ine en-
rich:nent for S<1.1n�onclla cells recovered from most foods. 
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Sperber and Deibel used selenite cystine broth and tetrathiona�e 
broth as enrichment media (59). Sharma and Paeker (54) compared the 
efficiency o f  selective enrichment media from artificially contaminated 
cow and pig fecal samples . They found tetrathionate broth to be more 
effective for growth and detection of Salmonella cells than was sele� 
nite cystine broth. 
Raj used a dulcitol-s odiwn selenite enrichment broth and reported 
the recovery of 2 to 7 Salmonella cells from a mixed flora of 104 to 
106 other organisms. 
Selective and Biochemical Methods 
Neutral red-lysine iron-cystine broth was used by Hargrove et al. 
(23) for the detection of Salmonella cells in dairy products where neu­
tral red broth was used as an indicator to detect hydrogen s ulfide 
positive s trains of Salmonella . To differentiate hydrogen s ulfide 
negative s trains from Escherichia coli and Klebsiella, bromothymol 
blue was used. Only Salmonella species will give an alkaline reaction. 
Kim (32) used the same medium to quantitate the number of Salmon­
� cells by a most probable nwnber test tube method. 
Hoban et al. ( 26) modified Hargrove et al's. (23) medium by sub­
stituting mannitol for lactose and a mixture of cysteine mono- and di-
hydrochloride for cystine monochloride. Their results proved that 
modified lysine iron-cystE�ne-neutral red medium is more sensitive than 
the cultural methods or the fluorescent antibody technique. 
Pierce (52) used a membrane filter of 0.45/t.l pore s ize to concen­
trate large volumes of sample prior to pre-enrichment in brain heart 
G 
infusion and lactose  broth . Cheng et al . (10) also used a membrane 
fi lter of 0.45 � pore size to concentrate the Salmonella cel l s, but he 
used only lactose broth as a preenri chment medium .  
Boring e t  al . (5) used a membrane fi lter of 0.45 .u pore s i ze, but 
he d i d  not use  
.. 
any preenri chment medium .  Siebeling et al . ( 56) were 
abl e  to isolate Salmonel la specie s  and Ari zona species from pet tur­
tles eve n  after treating them with antimicrobial agents N eo-Tetramycin 
and Tetramycin . The preenri ched lactose broth culture of salmone l lae 
from water in a turtle container was inoculated into tetrathionate 
broth containing bri lliant green dye and incubated for 48 hours at 
37 C .  A loopf ul of the culture was streaked onto both bri ll iant green 
a�ar and bismuth sul fite agar . The lactose negative colo _y from bril­
liant green  agar and black coloni e s  from bismuth sul fite agar were in­
oculated onto triple sugar iron agar and lysine i ron agar and s ubse­
quently inoculated into biochemical media . The Salmone l la speci e s  
were confirmed by serologi cal te sts us ing group specif i c  polyvalent 
0 anti serum .  
Fluore scent Antibody Technigue (FAT) 
Coons et al . ( 13 )  deve loped a fluore scent antibody technique to 
determine the pre sence of pneumococci in ti ssue s . Thomason et al . 
first used a FAT for d etection and identifi cation of Salmone l la typhosa 
in pure cultures (63).  
Moody et al . used a fluores cent anti body technique for grouping 
Streptococci (41).  Page and Stulberg (48) used the f l uore s cent ant i ­
body technique t o  detect E scheri chia col i  i n  epidemiologic control of 
E. coli diarrhea. Haglund et al. ( 22) demonstrated salmonellae in 
dried eggs and egg products using the same technique. The use of a 
7 
FAT was suggested by Stulberge et al. (60) in cases of Salmonella out-
breaks. Caldwell et al. (8) proved the specificity of the FAT for so-
. .  
matic and flagellar antigens of Salmonella. Insalata et al. (29 ) ap-
plied the FAT to detect Salmonella from different types of foods. 
Ellis and Harington (16)  detected Salmonella from animal byproducts. 
FAT was also used by Laramore and Moritz (3 5) to detect Salmonella 
cells from animal feeds. Goepfert et al. (19) used FAT for detection 
of salmonellae from frozen and dried foods. A buffered nutrient broth-
milk medium was used as the enrichment medium. They obtained false 
positive resuJts with the Bacillus species. Their conclusion indicates 
that the presence of I9S component of anti-Salmonella globulin is re-
s�onsible for cross reactivity. The addition of novobiocin at 1 0  
�g/ml in the preenrichment broth was very effective in reducing prolif-
eration of Bacillus cells. 
Thomason used the FAT to detect microcolonies of Salmonella ( 62 ) . 
The enriched tetrathionate broth culture was transferred to a 9 cm bril-
liant green agar square plate. After 3 hours of incubation of colonies, 
impression smears were made on a slide that had been cleaned with alco-
hol. Smears were also made directly from tetrathionate broth cultures. 
Microcolony FAT was able to detect Salmonella cells from all the speci-
mens which were found to be positive by the cultural methods, while the 
direct FAT missed 3.1% of the positive cultures. 
For a rapid screening tool to detect Salmonella cells in industry 
8 
and for continuous monitoring of raw materials and finished products, 
Insalata et al . ( 30 )  recommended the use of the FAT method. Insalata 
et al� (31) had reported detection of salmonellae from food and envi­
ronmental swab samples using FAT • . Abshire and Gutherie (1) used the 
FAT to de te ct E. coli as an indicator for detection of fecal pollution. 
Mohr et al. (40) compared fluorescent antibody methods with en­
richment serology for Salmonella detection. Results of his compari­
sons indicate that the FA methods give false positive and false nega­
tive results while the enriched serology method does give false nega­
tive · .nd no false positive reactions. 
Use of Lat .x 
The fluorescent antibody technique has reduced the time required 
for detection of salmonellae to 2 to 3 days from the previous 5 to 7 
days by cultural methods; but, sometimes this 2 to 3 days may be too 
late to detect the presence of salmonellae as health hazards which . 
might have already occurred. To minimize the danger of disease for 
man and for animals, The Committee on Salmonella (12), Grau ( 21 ) , 
Miner et al. (3 9), and Otis and Behler (47) recommended that it is 
desirable to develop a new, rapid and sensitive serological method. 
Latex particles have been used for the past twenty years in se­
rology for two reasons: One is the relative inexpensive cost, and the 
second is that latex is an excellent inert particular carrier of a 
variety of substances. Singer and Plotz ( 57 )  developed a latex fixa­
tion test to detect rheumatoid arthritis (RA) factor in blood or 
serum. Polystyrene latex spheres were sensitized with human gamma 
9 
globulin and reacted. wi th ei ther serum or b lood of  a pat ient. Agglu­
tination of latex suspension ind i cates the presence of RA fac tor in 
blood or serum . Carli sle and Saslaw (9) developed a hi s toplasmin-latex 
agglutina t i on test for t he detection of hi s toplasmo s i s. 
Kubitschek used latex spheres of 1.13 � and 1 . 67 Al d i ameter as 
reference part i cles to size and count  bacteria using a Co ul ter Counter 
(33). He used the me thod of Mat teren (3 8 )  who counted and s ized red 
blood cells. 
I nnella and Redner ( 28)  employed latex as a carrier of Tri chinella 
extract to detect trichino s i s. The res ults  of their tes t indi cated 
that the la tex serological tes t.i s  as specifi c  and as sens i tive as the 
co plement-fixation test. 
Fleck and Evenchik coated the latex spheres wi th Brucella antige.n 
to detec t Brucella antibody from serwn (18).  The latex aggl u tination. 
tes t was compared for the specifi ci ty and sensi tivi ty wi th  t he FAT . 
At leas t  a 20-fold greater concentration of Brucella anti gen was re­
quired for the precipi ta tion tes t than for the FA met hod . 
In the me thods mentioned above ,  latex particles have been· used 
either as  a reference parti cle ,  Kubi tschek ( 33 ) , or a s  a carri er of 
soluble antieen , Inne lla and Redner (28) , or as an an t i body , Singer 
and Plo tz (57) for aggl utina tion tests . 
Bolin e t  al. (4) used viral sensi ti zed latex for detection of 
viral hepatiti s anti body from serum . Pari kh (49), Parikh et al. (50 ,  
51), and Sorensen ( 5 8 )  used la tex particles to demonstra te the occur­
rence of agglutina tion of an ti body coated latex wi th Wes tern Equine 
Encephali ti s  (WEE ) virus . The agglutina tion was detec ted both  by a 
slide agglutina t i on method and by a Coul ter Counter method. 
12 5 
Duvall ( 1 5) proved that I labeled WEE virus was able to bind 
to anti body coated la tex. He also used 
125
1 labeled an tibody coa ted 
latex to detect WEE virus . Thus, radi oactivi ty meas urement offers an 
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alternate method to  detect  and as say the virus. His res ult s  show that  
7 5% of  
12 5
1 labeled WEE virus anti body and 4 5% of· 125r l abeled imE 
virus are adsorbed on la tex. 
125 
F i f ty percent of I l�beled WEE virus 
125 -was ound to I labeled antibody coated latex. 
Olsen (46) fol lowed the method of Sorensen ( 58) . He used anti-
enterococcus an t ibody coated latex to detect  soluble Staphylococcus 
aureus enterotoxin B .  To  detect the agglutinati on, he u sed a Coulter 
Cointe . Th d etec tion lin ari ty of his tes t  was . 01 to 1. 0 micro-
grams of purified en tero toxin B ( 46). 
Hechemy et al . (25) de tected E s cheri chia· co l i  ant igens by a la tex 
aggl utination tes t. So l uble and parti cula te !· coli ant igen was mixed 
wi th antibody coated latex on a slide. E. coli cells were mixed wi th - --
ant ibody coated la tex and wi th the an tibody i tsel f .  The minimum number 
of cells  detected by the Coul ter Counter antibody latex technique was 
1 . 6 x 10
7 
and by a bacterial agglutination tes t was 2.31 x 109 cells. 
Thus, the difference in sensi tivi ty between the two tes t s  i s  1 50-fold . 
Coul ter Coun ter Appl i cation 
Many experimental and routine procedure s in mi cro biology involve 
the determination of the numbers , and somet imes s i zes, of mi croorgan-
isms in a s uspens ion. Methods for determination of the nwnber of vi -
able organ i sms  depend on a growth tes t  by plate count of sui table 
media. In many cases, however, the standard laborious and time­
consuming methods of determining total numbers of organisms can now 
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be replaced by electronic countingo Longsworth (37) used a photoelec­
tric densi tome.�er to estimate changes in concentration of Lactobacil-
l� acidophilus. At the end of the growth phase,photoelectric den-
Fitometer counts differed from the plate counts as nonviable cells 
contributed to absorbance. It involves asslllnption about the same size 
of the organism to calculate the number of eel s in the culture in the 
photoel_ctric densitometer. 
The standard procedure for determining numbers of bacteria and 
blood cells involves dilution of· a cell suspension and visual counting 
of organ.'sms and blood cells. The numbers are determi ned in fixed 
volun e directly i.n a counting chamber, e .g. Petroff-Hauser counting 
chamber or a hemocytometer,. or ind irectly after the cells were spread 
on a known area on a slid e. This method suffers from errors in actual 
counting and dilution as reported by Berkson et al. (3) due to vari­
ation in measuring of organisms and differences in technique of pre­
paring and counting chambers and films. Breecher et al. (6 ) used an 
electronic red blood c0ll counter. Their evaluation indicates that 
the e.lectronic c ounte r provides reproducible counts of red blood cells. 
The standard error of their counts by the machine was 2 percent, 
compared to 3.0 to 3.4 percent for the correspond ing hemocytometer 
counts. 
Mattern et al. (38) determined the number and size of blood cells 
suspended in an ele ctrically conductive medium, saline. The cells 
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f lowed t hrough a sma l l  apert ure and cau s ed a vol t a ge d rop . A s i ze er 
vo lume d e t eur.i na tion is re l a. te d  to t he e le c tr i ca l  re s i s t ance . 
Kub i t s chck (33 ) co un t ed and s i zed E .  co l i  ce l l s and B aci l l u s �-
t.eci u'Tl spores u s i n g t he Coul t er Co w1 ter . To s ta ndard i ze the Co u l te r  
Coun ter , 1 . 13 ILl ancl 3 . 2 Al d i ame ter po l y s tyrene l a t ex par t i �_'.} e s  were 
used . The r e s ul t s  were compared \\ i t h  hemo cytome ter co un t 0  !:t.nd found 
to agree wi t hi n 2 p er cen t of the mean count s .  To ca l i bra te the Co u l ter 
C o un t e r  for s i z i n8 ba c teri a , 1 . 1 3  Al and 1. 67 11.1 di ame ter p o iy 8 tyrene 
la tex sphe re s  , . _re us ed . The d i am e t e r  of these sphe re s  w a c  conf ir.-Jr,ed 
by op t i cal m i cro s copy , by s u cro s e  d e n s i ty grad i ent , and by e le c tron 
mi cr o s copy wi t hi n  one percen t f l u c t ud ti on .  
Toe n n i. e s  c t  ri, 1,  ( 61� ) s t u d i e d  erow t h  and d ivis ion o f  E • ..£._O Ji a nd 
S taphylo co cc u s  fac c9:_l i s  ce l l s  wi th the h e lp o f  a Coul te r C o un t er . From 
the re s ul t s  of Lon eswor th ( 37 ) ,  the p l a t e  coun t  i ncre a s ed 50 percen t 
fa s ter t ha n  the t ur b i d i ty ,  w h i l e  Toenni e s  e t  a l . ( 64) con c l uded tha t 
the e lE! c tr on i c  p art i cl e  co un t  in crease d 23 percent f a s t e r  than t he 
t urbi d i ty . Thi s c l e ar ly revea l s  t he cha i n  d e grad a t i on w i th grow t h .  
Swant on e t  a l .  (61)  u s ed l ive and ki l led c u l t ur e s  o f  S taphlococcus 
aure u s  and � · co l i . R e s ul t s  of t he ir experimen t s ind i c a te t ha t e le c-
tri ca l  re s is ta nce of he a t-ki l l ed ba c ter i a was fo und to be different 
from the re s i s t an ce of t he l i ve . bacter i a . Thus a C o u l ter C o un ter may 
be u s ed to ind i ca t e  the d e gree of viab i l i ty of a par t of a who le bac-
teri al pop ul a t i on ( 61 ) . 
H arve y and Marr ( 24 )  mea s ured s i ze d i s tributi ons o f  ba c te r i a l  
ce l l s us in g a C o u l ter transd ucer -p u l s e  genera t or .  A Co u l ter transd ucer 
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perm i t s  pre c i s e  me a s uremen t of th(� vo 1 c.me of la t:e:x splv?.re s and o f  bac­
te r i a over a range of at lea s t  0 . 2 5  M3 to 2 0 �3 • 
M oun tney and 0 'Mal ley ( 4 2 )  coun ted cul L uL'e s o f  St�?l:�r.l<.? C(��� 
aure u s , P s e udomon a s  g 2 n i c u l a la. , and � hoc l o to�· ula gl�:i. 1 : i_?. l;y using a.n 
e l e c tron i c  counter and by p l a t t, coun t s fror:1 bro t h  c ·.1 l tu::.:- e s . They con­
cluded t ha t  i t  i s  no t po s s i b l e  t o  de tt::rn1ine the abs o1 �1 te a �!cLrc a.cy o f  
the two me thod s .  The preci sion o f  the r e s ul t s  ob tai ned ;.;i t h  un rd e c­
tron i c  co un t e r  was be t ter than that obtained by p l a t,� coun t i nf� ·  E l ec·­
tron i c  coun t i n e  provi d e s  be t ter coun t s  for compara t i ve co un t s a t  a 
pa.rti cular s ta ge o f  the growth per i od , whereas the p late co un t y ie J. d s  
the be s t  re su l t s in d e termining the growth c urve . 
They ob ta i ned variable r e s u l t s  for R .  e;l uti n i s beca 1 1s c yea s t:  c�� l l s  
are l arBer than ba cteri a l  ce l l s . I f , at an aper t ure s e t ti ng of 0 � 03 54 
and a n  .:.ir;p Jj fi ca t i on s e t t i n r,  of 2 ancl threshold 3 t he b a c terial vo l ume 
i s  d e t e rm i n ed , t hen for de terminat i on of vol wne of the y ea s t ce l l s  
another thre s ho l d  se t t i n g  i s  needed . 
Kub i t s chek (3t� ) used a Co u l t er Counter for s t ud y i ng the e f f i c i ency 
of the pro ce s s  of s ynchron i z a t i on . An �· col i cul ture was grown in an 
ace ta te an.d. s a l t  med i um ;  t he ce l l  concen tra tions i n cr e a s e d  t hr o ugh two 
genera t i on s  d ur i n g  t h e  proce s s  of syn thro 1 1 i za tion . From thes� data 
u s ing a C o ul t.er Cou.n L c�r ce l l  d i  vi s i on , ra te s and mean vo l ume grow th 
rate s  can be de u�rfiii ne J  ind e p c md 0n tJ.y durint; the syn chron i z a ti on cy c l e , 
a s  we l l a s  the degree c f  synchron i za ti on ( 34) . 
Hobson and M an n  ( 27 )  i nd i ca ted tha t i t may be pos s i b l e  to c o w1 t  
<.'1:gan i srn s d i fferen t i al ly a t  ct ·t f ferent thre s hold s c t t ines i n  a rnixc�d 
cult ure i f  t bcy d i f fer in size ,, '.!'hey have US(�d a C o u l  t c r  C o u n t er for 
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s tandard �zing suspens ions of bac teria for aerosol preparation or in -
jection and to s i ze and count carbon parti cles used as  markers in i n-
jections . 
Sorensen ( 58) , Parikh ( 4 9 ) , and Parikh et al . ( 5 0 ,  51 ) used a 
. .  
Co ul ter Co un ter for development o f  methods for dete ct i on o f  Wes tern 
Equine Encepha l i t i s Virus us ing specifi c antibody coated latex. They 
made tripl i cate count s  at each threshold set ting from threshold 0 to 
threshold 1 5 .  D ue to specifi c antibody coating, the volwne o f  latex 
i ncreases . Thus , ant i body coated latex par t icles are co unted a t  d i f-
ferent thresho ld s than i s  the latex contro l .  When an immunogeni c  re-
action takes place between antibody coated latex and WEE virus , the 
vol wne of the complex i s  obvious ly at a di fferent threshold . 
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O l s en ( 4 6 )  found l ineari ty in the range of  O. 01 to 1 .  0 mi crograms 
of �·  �� en tero toxin B whi ch was detec ted by us i ng specific ant i -
body coa ted la tex and Co ul ter Coun ter channel shift s . 
Drake and Ts uchiya ( 14 )  used a Coulter Co unter to coun t micro-
organi sms in  mixtures of cul tures .  They used !· coli, Lactobacillu s  
3 3 
caoei or · B aci l l us l i cheni formis  cul tures of volume 0 . 3 u to 2 ,u ,  
A z o�obac ter and Saccharomyce s cerevi s i ae wi th cell vol ume s of 2 Al3 to 
1 00 1U3 and Te trahymena wi th  volumes of 3 00 AJ3 to 20,  000 lll3 •  Smaller 
bacteria are bes t  coun ted a t  resolutions of  3 0  � aperture while larger 
bacteria and yeas t overlap the volwne range of 3 0  Af to 1 00 Af apert ure, 
and pro tozoa are bes t coun ted wi th a 1 00 Af or larger aperture . 
Tetrahymena were easi ly d i s tingui s hed from bacteria as their large 
Volume s epara t e s  t hem from bacteria. The mi cros copi c co unts and 
\ 
1 5  
Coulter counts  for Tetrahymena agree , b u t  the mi cros cope counting i s  
tedious  and di ffi cul t for mot i le ciliate s  at  low population dens i ty .  
They concl ud ed that  the Coul ter Counter can be used to provide e s ti-
mates o f  microbial  numbers w i th greater confidence than with  e i ther 
viable or mi crd s cope co unt ing ( 14 ) . 
H echemy e t  ai e ( 2 5 ) used speci fic antibody coated latex for de-
tection of a soluble antigen of E. col i .  
The a gglutination reaction of- � . _££1 i  w i t h  anti body and an tibody 
coated latex was compared .  The aggl utination of ant ibody was not vi s-
ible  after a 1 0-fo ld d i l ution of � · coli ce lls , whereas a 1 000-fold 
dilut ion o f  E .  col i  ce l l s  shows agglut inat ion wi th ant i body coa ted 
latex . At the beginning of the lag phase of  the E .  coli growth curve , 
bo th ant i body coated latex and antibody fai led to s how aggl utina tion .  
A f ter one hour , whi le the ce l l s  were s ti ll i n  the lag phase , the anti-
body coated latex was  aggregated wi th ce l l-free fi l trate and wi th the 
cel l s .  A fter 3 . 5 hours of  growth wi th the cel l s  in the exponential 
growth pha se , aggregations were observed wi th bo th  the te s t s .  The 
minimu.� number of ce l l s  de tected by anti body coated la tex Coul ter 
7 Cow1 ter te chni que was 1 . 5 x 1 0  and wi th the bacteri a l  agglutination 
9 technique was 2 . 3 1 x 1 0  • Thus the difference in sens i t ivi ty was 1 50-
fold . 
1 6  
MA TERIALS AND METHODS 
Source of C u l t ure 
A cul ture of Salmone lla typhimurium , American type cul t ure co l lec­
tion number 107 4 ,  was used in thi s s t udy . The cul ture was grown at  
3 7  C for 18  hour s on brain heart infus ion agar s lan t s  (Di f  co ) and 
stored at 5 C .  The cul t ure was serial ly trans ferred every two months . 
Proce s s  of Syn chron i z a t i on 
To synchronize the time of ce l l  d ivi s i on of the �·  typhimuri um 
culture , the t empera t ur e  shift  method of Lark and M aal¢e ( 3 6 )  was use d 
as fo llows : 
To 10 m l  of  BHI bro th ( D i f  co) i n  a 250  ml  s i d e  arm f l ask,  
1 m l  of actively growing (mid-log phase ) BHI  bro th cul ture of 
.§.. typhirnuri wn wa s added . 
2 .  The f l a s k  was incuba ted at  3 7  C in  a rotary water ba th shaker 
wi th 80 one-inch s troke s per minute (New Br un sw i ck Model  G -7 7 ) � 
3 .  A bsor bancy read ings of the cult ure  were taken every hal f  hour 
a t  4 50 nm using a Bausch and Lomb Spe ctron i c  2 0 .  A s teri le  
med i um contro l was set  at  O • . 
4 .  A f t er t he cul t ure entered the exponential growt h  phase , the 
tempera ture was rapidly shi fted to 2 5  C by the rapid add i tion 
of 5 . 6 ml of BHI bro th at 3 C for every 1 0  ml of cul ture . 
S .  The f lask was incubated a t  2 5  C for 3 0  min t o  red uce the ra te 
of ce l l  d ivi s ion . 
6 . A f t er 3 0  min , 2 . 3  ml of BHI bro th  at 90 C wa s rap i d ly add ed 
for every 1 0  ml of cul t ure to shi f t  t he t emp e r a t ur e  back to 
37 c .  
7 .  The f l a s k  was i nc ubated at 3 7  C for 8 minutes . 
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"The re t urn o f  t he tempera ture from 2 5  C t o  3 7  C res ul ts 
i n the s im u l taneous d i vi s ion o f  4 0% o f  t he ce l l  pop u l a t i o n  
w i thin 2 t o  3 minu t e s  o f  i n c uba t i on a t  3 7  C . 0 --Lark and M aa -
l�e ( 3 6 ) . 
8 .  The temp era tur e  s hi f t  down from 3 7  C t o  2 5  C ,  fol lowed by 
i ncuba t ion for 3 0  minutes a t  25 C and s hi f t  up to 37 C for 
8 min u t e s  was repeated for f o ur t ime s t o  o b ta in a pop u l a t ion 
w i th at le�st 9 0% o f  t h e  ce l l s  d ividi n g  s yn c hrono us ly . 
P�P� PTVa t ' on o f  S yn chron i z ed C ul t ure 
The cul t ure was immed i a tely chi l l e d wi t h  dry i ce , i n a c t iva t ed 
u s i n g  a 0 . 5% concen tra t i on o f  forma lde hyde t o  s top f ur th e r  c hange s i n  
t he ce l l  vo l ume , and di s tr i buted i n  1 0  ml amoun t s  t o  s t e r i l e  s crew- cap 
tube s and s tored a t  5 C .  
Source o f  Latex 
P o l y v i nyl to l uene la tex par t i cle s of uni form s i z e , 2 . 02 � in d i ­
ame ter w i t h  a s tand ard devia tion o f  t he par t i c l e s o f  0 . 013 5 ,u , were 
ob ta ined from the Dow Chem i ca l  Company ( lo t  No . 2F 2C ) a s · a 1 0  p e r cen t 
( w / v) S uspension . 
Prepara t i on of La t ex S to ck Sol ut ion 
To prepar e the la tex s tock s o l u t i on , I s o t on ( Co u l t er E le c troni cs ) 
wa s used a s  t h e  d i l uen t .  
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T o  1 m l  o f  a 1 0  p ercen t s o l id l a t ex s uspens i on , 1 9  m l  . o f  I.soton 
( 0 . 8 5% NaC l wi th sodium azide as a preservative ) wa s added to prepare 
a 1 : 2 0 dil ution .  Thi s was used a s  a s tock suspension t hrougho u t thi s  
s t udy . 
. .  
A 1 : 2 0 , 0 0 0  d i l ut i on o f  la tex i n  I s o ton whi ch wa s prepar ed from 
the s to ck s u spen s i on was fo und . t o g i ve op t im wn  and r prod u c i b l e  r e s u l t s . 
Therefor e , a 1 : 2 0 , 0 0 0  d i l u t i on was used as a s tandard thro ughou t t hi s 
s t udy . To Be t a monodi spersed s uspens i on , a 1 : 2 0 , 0 0 0  d i l u t i on o f  l a tex 
was soni ca t e d  for 1 0  minute s i n  a Co le P armer U l tra-Soni c l eaner (M o d e l  
N umber 884 5-4 ) .  
Source o f  A n t i b ody 
S almone l l a  " 0 "  an t i s e r um P o ly A - I wa s obtained from D i f  co Labor-
a t or ie s , D e tro i t ,  M i chi gan 4 82 01 . The concen tra t i on o f  an t i body pro- · 
t e in was d e t ermi ned u s in g  a mod i f i ed B i ure t me thod o f  G o rna l l  e t  a l . 
( 2 0) . 
M o d i fi ed B i ure t M e thod 
Preparation of s o l u t i ons for t he B i ur e t  M e t hod : 
A .  B i ur e t S o l u t i on 
wa s d j s s o lved i n  3 00 ml of d i s t i l l ed wa t e r  i n  a 1 li ter 
f l a s k .  
2 .  To thi s so lu t i on , 1 . 5 gram of c uso4 • SJ-I 2o wa s added w i t h  
the a dd i t i on o f  2 0 0  m l  of water . 
3 .  Three hundred ml o f  1 0% sodi um hydroxide (v/v) was add ed 
wi th con s tan t mixing . 
1 9  
4. · The solut ion was d i l uted · to 1 l i ter and s tored in  a pyrex 
flask .  
5 .  A lthough thi s soluti on i s  s table for a considerable time , 
i t  was d is carded immedia tely if  i t  showed any b lack or 
reddi s h  preci pi tate . 
B .  Saline ( 0 . 8 5% NaCl ) 
1 .  9 .  5 grams of N aCl were d i s solved i n  500 m l  o f  di s tilled 
water in a 1 l i ter flask. 
2 .  Then the sol ution was dilu ted to 1 li t er and s tored in 
a pyrex fla sk . 
P r epara t i on o f  Standard C urve for Determination o f  Pro tein Concen-
tra. t io n : 
1 .  6 5 . 63 m i l l i gram s o f  Bovine ' serum al bumin were d i s so lved in 
1 m l  o f  saline to give 10 . 5 mg protein ni trogen/ml. 
2 .  A 1 ; 10 di lu tion of s tandard bQVine serum albunin solution wa s 
prepared in saline . 
3 .  The fo l l owing sol utions were added in 10 c uve t te s  in amounts  
a s  shown below :  
Cuve t te NaCl 
N umber ( o .  8 5% )  
1 and 2 2 .  0 ml 
3 and Li 1 . 7 m l  
5 and 6 1 . 4 ml 
· 7 and 3 1. 1 ml 
9 and 10 0 . 8 ml 
Protein St2.-ndard 
( 1 :  1 0  d i l ution) 
O .  0 m l  
0 . 3  ml 
0 . 6 ml 
0 11 9 ml  
1 . 2 ml  
B i uret 
Reagent 
8 .  O ml  
8. 0 ml 
8 . 0  m l  
8.  O ml 
8.  0 ml 
2 0  
4 .  A fter 3 0  mi nu tes of incubation at room temperature , the per-
cent transmission of each tube was determined on the Bausch 
and Lomb Spe ctrophotometer at 560 1um . 
6 .  A standard graph of percent transmission versus calcu l ated 
. .  
grams percent of protein was plotted . 
7 .  F or an antibody solution from the percent transmission, grams 
percent protein was calculated. 
Dilutions of an tibody using Isoton were made depending upon the 
concentrati cn of antibody protein in the solu tion. 
Use of the C o ulter Counter 
A Coulter CounteI Model F was used to ob tain the initial volume 
ancJ v0 l ume chanee of latex and of Salmon ella cells. The Coulter Count".\r · 
Mode l F wa s eq uipped w i t h a 7 0 Al nosep iece and a 5 0  ,ul ( lambda) sample 
size manome ter . An a ttenuation setting of 1 and an aperture setting 
of 8 ,  with a 0 . 7 N3 resolution, were used for determination of the 
volume change of latex. For the d etermination of the volume of syn-
chronized �· typhimuri um cells, an aperture setting of 8 with attenu-
ation se tti ngs of 1 ,  O . S and 0 . 2 5  were used to obtain resolutions of 
0 3 3 3 . 1 
• 7 Al , 0 . 3 5  AI , and 0 . 1 8 Al ,  respect ive Y ·  
To de termine the volume or volume change, triplicate counts were 
made at each threshold se t ting. The threshold controls the level 
above which particle pulse s will be counted. 
The numerical dif ference between two consecutive threshold counts 
is the chann� l count . 
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I t  is pos s ible to ad just the thre shold contro l  so  that only the 
de sired vol ume range of particle s will be counted. The particle volume 
is proportional to the thre shold setting time s a factor for the aper­
ture and s cnsi �tvity of the machine which are constant. 
Procedure for counting the particles on the basis of . their vo lume using 
the Coulter Counter Model F :  
1 ,  The latex suspension was sonicated in an ultrasonicleaner 
( Cole P armer , Mode l 88H 5-4)  for 10 minute s  and was then dis­
pensed in 18 ml aliquote s in Coulter samp le vials.  
2 .  One ml of the de sired concentration of anti s erwn was added to 
18  ml of latex suspension in via l s  and gently shaken for 
thorough mixing and incubated at 37 C for 1 0  minute s. 
3 .  Meanwhi le, 2 m l  of Isoton was added to the 18  ml Latex Control 
vial. A fter thorough mixing , the latex s us pension was counted 
by use  of a Coulter Counter Model F at aperture s e tting of 8 ,  
attenuation setting of 1 ,  nosepiece aperture of 7 0  Al and sam-
ple size of 50 �1 . 
4 .  Three replicate counts were made at each thre shold from 
thre sholu setti ng of number 3 through 15. The counts were 
re corded if they were wi thin one percent variation. 
S .  After 1 0  minute s of incubation of antibody and latex, 1 ml 
of Isoton was added in one of the vials and 1 ml of the 
de sired concentration of synchronized �· typhimuriurn culture 
wa s added to the other vial and incubated at 37 C for 1 0  
minute s.  
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6 .  B o th ant ibody coated la tex and � · typhimuri wn  ce l l s  absorbed 
on an t i body coated latex were counted i n  t he same way as  the 
latex contro l . 
7 .  Tripl i cate counts  for each experiment were analyzed using 
a H ewle t t-Packard Model  983 0A programmable  cal culator and 
appropr iate program ( see Appendix) . The data were analyzed 
for cal culation o f  means , s tandard deviation ,  percent of 
s tandard devia tion , and channel count . 
The data were plot ted by the programmable calculator using a tele-
type ( Tele type Corporation , M odel 3 8ASR ) as follows : 
1 .  Channe l coun t  vs . volume 
2 .  T hre s ho ld coun t vs . threshold n umber 
3 .  L inear regres s i on 
4 .  I nterpola tion Program 
S .  H i s to gram 
The programs used for these  calculations and for p l o t ting o f  the fig­
ure s are given i n  the Append ix .  
RESULTS AND DI SCUSSION 
The purpose of thi s  inves ti gation was to deve lop a me t hod for the 
rapid de te c tion of Salmone l la ce lls  that would be speci f i c ,  sens i tive 
and semi-au tomated .  
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A serie s o f  s teps were required to deve lop thi s me thod whi ch uti�  
lize s  specific anti body coa ted latex to ad sorb Salmone l la cel l s .  Thi s 
me thod i s  based on the Coated La tex Ad sorp tion M e t hod ( CIAM )  of  Parikh 
( 4 9 )  and P arikh e t  al . ( S O ,  51 ) .  The ma jor s teps taken in t hi s  inve s­
tigation were as ind i ca ted by the following t i t le s : 
1 .  De termina tion o f  optimal la tex d i l ution for Coul ter Counting . 
2 .  Determina tion of reprod uci bi l i ty o f  latex count s . 
3 .  E ffe c t  of son i ca tion on latex population of 1 : 2 0, 0 0 0  d i l ution .  
4 .  Optimal coating of  latex by anti serum .  
S .  Synchronization of  Salmone lla typhi.muri um .  
6 .  Op t imal coating o f  latex by ant iserum .  
7 . Determination o f  vo lume o f  synchroni zed � · typhimuri um . 
8 .  Determination of vol ume change of  synchroni zed �· typhimuri wn 
d ue to  addi tion of  antibody . 
9 .  Lower l imi t o f  de te ction o f  synchroni zed � ·  typhimur i um by 
ant i body coated latex method . 
1 0 .  C ompari s on of  O anti body coated la tex me thod wi th s l ide and 
t ube aggl utination method for de tec tion of Salmone lla  cell s . 
1 1 . Volume d i s tribution of non-synchronous 7 . 5 hour cul ture of 
S . typhimur ium .  
1 2 . D e t e c t i on o f  non - s ynchronous cul t ure of S .  typ himur i wn  by 
an t i bo d y  coa t e d  la tex me thod . 
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13 . Lowe s t  l im i t of d e t e c t i on of non-synchronou s  S .  t yphimur i um 
by an t i body coa ted l a tex me t hod . 
De term i na t i on o f  Op t im a l  La tex D i l u t ion for C o ul t e r  � o un ti ng 
I t  wa s imp o r t a n t  to d e t ermine the op t ima l d i l u t i on of the 1 0% 
( w/v) s u spens i on l a t ex p ar t i c l e s  to us e wi th t he C o ul t er C o un ter M od e l  
F .  T h e  2 . 02 � d i ame ter po lyvinyl t o l uene latex part i c l e s ,  which had 
a d i ame ter wi t h  a s t andard devi a t i on of 0 . 013 5 ..u ,  wa s d i l u t e d  w i t h  I s o -
t on . 
Thr e e  s er i e s  of d i l ut ions of l a tex , ranging from 1 : 1 00 0  t o  
1 : 1 0 , 000 , 1 : 1 0 , 000 to 1 : 1 00 , 000,  and 1 : 1 000 t o  1 : 1 2 8 , 000 ,  were c o un ted 
a t  t hre s ho ld s e t t i ngs o f  3 t hroush 1 5  a f t e r  being s o n i ca te d  f or 1 0  
minu te s in t he ul tra s on i c leaner . A t  each C o u l ter C o un ter thr e s ho ld 
se t t i n g ,  t hre e 5 0  tjl s ubsamp l e s  of l a t ex d i l u t i on s  were co un te d . The 
max im um var i a t i o n  of t he se cond and third subsamp l e  co un t s wa s he l d  
to o n e  p er ce n t  o f  t he i n i t i a l  co un t . I f  t he co un t s  w e r e  no t w i t hi n  one 
percen t ,  rep e a t ed d e termina t i ons were mad e . 
The mean , s tandard devi a t ion , perce n t  of s tandard d e v i a t i on ,  and 
channe l co un t s  of each trip l i ca t e  thre s ho l d  co un t we re ca l cula t ed us ing 
the H ew l e t t-P a ckard programmable ca l cula tor and t he appropr i a t e  pro­
gram .  The d a t a  wa s p lo t ted on t he te l e type . 
The C ou l t er C o un ter ha s a h i ghe r e f f i ciency when i t  i s  coun t ing 
a more d i l u t e  s amp l e  ( Tab l e  1 ) , e . g . a 1 : 1 2 8 , 000 d i l u t i on o f  l a t ex 
be ca us e the c o i n c i d e nce o f  coun t ing two part i c l e s  s imul t an� o u s l y  i s  
Table 1 .  D e termina t i on o f  C o u l t e r  Counter e f f i c i ency a s  re l a te d  to la tex d i l ution . 
D i l ution 
o f  La tex 
1 : 1 , 000 
1 : 2 , 000 
1 : 4 , 000 
1 : 8 , 000 
1 : 1 6 , 000 
1 : 3 2 , 000 
1 : 6 4 , 000 
1 : 1 2 8 , 000 
C a l culated 
Coun t s /ml 
a 
2 . 2 5 6  x 1 0  
7 
. 7 
l . 1 2 8 x l 0 
5 . 64 6  x 1 0  
6 
2 . 8 2 0  x 1 0  
6 
1 . 41 0 x 1 0  
6 
7 .  05 0 x 1 0  
5 
3 .  52 5 x 1 0  
5 
1 . 7 63 x 1 0  
5 
C o un t s  a t  b Thre s ho ld 6 Coun t /  
Cal cula ted Coun t  Thre s ho ld 6 /ml 
4 . 056 x 1 0  
5 
0. 01 7 8 
4 . 46 8 x 1 0  
5 o .  03 9 6  
4 . 7 00 x 1 0  
5 
0. 083 3 
3 . 847 x 1 0  
5 
0. 13 64 
2 . 513 x 1 0  
5 
0. 1 7 82 
1 . 4 84 x 1 0  5 0. 2 1 12 
0. 947 x 1 0  
5 
0. 2 6 8 6  
0. 564 x 1 0  
5 o.  2 8 83 
a
Theore t i cal co un t s  based on 1 0% s o l i d  s uspen s i on of la tex par t i cle s . 
b
A c tual count at thr e s hold 6 for 5 0  ..ul x d i l ut i on factor x 2 0. 
c 
( Thr e s hold 6 co un t s /ml I C a l culated coun t s /ml ) x 3 x 1 00. 
P ercent 
E ff i c i en cy 
. 
3 
9 
24 
3 9  
5 1  
6 3  
7 8  
84 
c 
N Vl 
avoided . However , the incidence o f  contaminating p ar t i cl e s  becomes 
s ' gni f i cant wi th very large di lution ratios  which a l so have a greater 
pos s ible error of  d i lution . 
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When the d i lu t i on o f  the latex parti cle and the mean val ue of 
thres hold  6 were plotted ( Table 2,  F i g .  1 ) , the 1 : 2 0 , 0 0 0  d i l ut ion of 
latex is in the linear por tion of the curve ( F i g .  2 ) . Thus , a 1 : 2 0 , 000 
di lution of la tex was d i lute enough to avoid coincidence of co unting 
two par t i cles  a s  one and was concentrated enough to re tain s ta t i s t i cal 
validi ty in the cha�ne l counts . 
Reprod uci b i l i ty of  La tex Counts  
To check the reproduci bi li ty of  the 1 : 2 0 , 000 d i l ution of  latex 
par t · c . e s  and t o  be come more fami liar wi th the volume d i s tribu tion pro­
f i le o f  the latex a t  thi s di l ution ,  several vials  o f  latex par t i c l e s  
were counted . Even tho ugh the 1 : 2 0 ; 000 di lution o f  la tex u s e d  for 
coun ting was made in a large q uan t i ty from the s tock s uspensi on and 
the rep l i cate  coun t s  showed channe l 6 to be the dominant area , the 
counts o f  channel  6 were d ifferen t for different vial s . 
Since the pop ulation of channel  6 contributes 3 1 . 8% o f  the popu­
lation o f  latex ( 4 6 ) , i t  was important to de termine thi s f l uc t uation 
be tween vial s .  To d e termine the source of the fl uctua t i on i n  counts , 
the fol lowing experiments  were des igned : · 
A large volume ( 1 00 m l )  of a 1 : 2 0 , 000 d ilut ion of  la tex in a 
beaker was son i ca ted  for 1 0  minute s . Twenty counts  were taken a t  each 
thre sho ld  se t t ing from threshold 3 to thre shold 1 5 .  Thi s e liminated 
the error d ue to d i fferent sources of  la tex , and the error of  
Table 2 .  Decrease in thresho ld 6 Coul ter coun t s  wi th dilut ion 
o f  latex particle s .  
D i lution 
of La tex 
1 : 1 , 000 
1 : 2 , 000 
1 : 3 , 000 
1 : 4 , 000 
1 : 5 , 000 
1 : 6 , 000 
1 : 7 , 000 
1 : 8 , 000 
1 : 9 , 000 
1 : 1 0 , 000 
1 : 1 6 , 000 
1 : 2 0 , 000 
1 : 3 0 , 000 
1 : 3 2 , 000 
1 : 4 0 , 000 
1 : 50, 000 
1 : 6 0 , 000 
1 : 64 , 000 
1 : 7 0, 000 
1 : 8 0 , 000 
1 : 9 0 , 000 
1 : 1 00 , 000 
1 : 1 2 8 , 000 
Mean Value 
of Thre shold 
6 Counts 
4 0564 
4 4 6 8 0  
4 82 2 5  
4 7 006 
4 5 5 58 
4 1 1 1 2  
4 3 4 04 
3 84 6 7  
3 88 03 
3 63 67 
2 51 3 4  
2 23 9 5  
1 52 8 9  
1 4 896  
13 1L� O  
863 9 
93 44 
94 7 0  
8 8 52 
7 6 61 
57 4 2  
5408 
5 04 6  
2 7  
50 J 
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rese t ting the thre shold number . The error was , there fore , re s tri cted 
to the C oul ter C ounter sampling and analyzing me chan i sm ( Table  3 ) .  
The maximwn vari a tion in thresho ld counts  from the mean threshold value 
was 0 . 144 , and t he average fluctuation of only 0 . 07 6 6  was found for 
. .  
twenty coun t s . There fore , the fluctuation was con s idered to be 
insi gnifi can t . 
Thi s experiment d emons tra ted the re liabi li ty and repeatabi l i ty 
of Coul ter coun t s  for a single population of  latex whi ch had been di-
luted  to 1 : 2 0 , 000 wi th I soton . 
The e ff e c t  o f  son i cation on latex di spers ion was t he next s tep 
in the i nve s t i gation .  
E ffe ct  of  S o n i cat i on 
A 1 : 2 0 , 000 d i l ution of la tex particles , whi ch was made from t he 
stock 1 : 2 0 0  d i lution ,  was fo und to con tain aggrega te s o f  la tex . To 
obtain l atex monomers ( single par t icle s )  from dimers ( do uble t s )  and 
from polymers ( cl wnps of latex par ticles containing 3 or more  la tex 
particle s ) , i t  was found that  the aggregates  mus t be d i sper sed by 
me chani cal agi ta tion , e . g . soni cation . 
To determine the effect of  sonication on la tex aggrega te s ,  t he 
following s tep s were taken : 
Twenty ml a l iq uotes  of the 1 : 2 0 , 000. dilution o f  l at ex were d i s -
tributed into each of  two Coul ter Counter vi al s . One vial wa s soni -
cated i n  t he U l trasoni c leaner for 1 0 minute s , whi le  the o ther vial was 
counted wi thou t  sonication to de termine the volwne d i s tr ibut i ons  us ing 
Coul ter Counter threshold s e t tings from 3 through 1 5 .  Three coun ts  
Tab l e  3 .  D e t erminat i on of Coul ter Coun t er effi ci ency a s  related to latex di lution .  
Thre s ho ld R ange S tandard 
Number Maximum M inimum (Maximum-MinimLUn) M e an D eviat ion 
3 3 56 5 8 3 4 9 52 7 06 3 52 13 1 7 6 . 8 
4 3 56 6 8  3 4 7 93 87 3 3 523 2 23 7 . 8  
5 3 4 583 3 3 3 3 6 1 244 3 3 6 9 4  2 54 . 2 
6 3 13 54 2 97 3 6  1 61 8  3 03 03 4 22 . 7  
7 2 1 67 5 147 64 1 91 1  2 0914 6 1 8 . 6 
.r-: 
8 1 7 6 86 1 53 6 1  23 2 5  1 6 1 2 5  \ 588 .. 0 
9 1 2 7 5 0  1 1 9 1 4  83 6 1 23 57 2 6 9 . 2 
1 0  963 8 8 83 9 7 9 9 9224 1 9 6 . 4  
1 1  84 9 0  7 8 8 9  6 01 8 2 01 1 52 . 0 
1 2  6 8 6 1  6 23 6  5 9 8  6 6 3 2 13 4 . 1 
13 57 6 9  53 06 463 5 5 7 2  1 1 9 . 8 
1 4  51 6 9  4 56 6  6 03 4 8 9 5  1 7  5 .  9 
1 5  3 824 3 4 54 3 7 0  3 6 52 1 1 7  . 1  
*Range divided by the mean . 
F l uc tua t ion''" 
0 . 02 0 
0 . 024 
o. 03 7 
0 . 0 53 
0 . 091 
0 . 144 
0 . 067 
0 . 086 
0 . 073 
0 . 0 9 0  
0 . 083 
0 . 123 
0. 1 01 
w 
� 
were made a t  each threshold setting . 
Aft er 1 0  minutes  of soni ca tion , the sonicated lat ex suspens ion 
was co unted with the Coulter Counter to determine the ·volume d i s tri-
bution from th;r:e shold 3 to  1 5 ,  wi_th three counts a t  each thre s hold 
se tting . 
The data for soni cated and non-sonicated latex solut ions were 
analyzed using t he appropria te program lis ted in the Appendix in a 
Hewle t t-Pa ckard programmable calculator for calculation of t he mean, 
s tandard devia tion and percent of s tandard devia t ion. The graphs of 
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channel count vs. channel nwnber ( or volume )  were printed o n  a tele type 
linked t o  the calculator as shown in Table 4 and F ig ure 3 .  
I t  is evident tha t  soni cation for 1 0  minutes breaks down the 
dimers and polymer s  of latex into monomers . A nalysis  o f  the numerical 
re sults  for the soni ca ted and non-sonicated latex s uspension by the 
Experiment Station s tatis tician , Dr . Lee Tucker , reveals tha t  9 9 . 5% 
. 
of the monomers o f  latex are found be tween channe l 3 to 9 while the 
latex dimers were fo und from channel 9 to channel 1 5 .  
The nega tive val ues o f  the channels in Table 5 and Figure 4 can 
be explained by the fact that the dimers were broken .  Therefore , the 
counts  de creased for channels 9 through 1 5  while t he increase in mono-
mers was shown by the positive value of  channe l s  3 to 9 .  
Thi s experiment has s hown the impo rtance of sonicat ion o f  a 
1 : 2 0, 000 dilutio n  of la tex wi th I so ton. The nex t s te p  o f  thi s inve s-
tigation was · to de termine the op timal amount of ant i s erum for coa ting 
the latex . 
Tab le 4 .  Cou l t e r Coun t e r  c o un t s  o f  ncns on i c at e d  rmd s oni c n t e d  
ln tex p a r t i c le s  . 
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Optimal Coating o f  Latex by Anti serum 
Latex par ticles  have been used for the pas t 2 0  year s  i n  serology 
as a carri er o f  anti serum .  M ore recent reports  are by S inger and 
P lo tz ( 57 ) , S�rensen ( 58 ) , Duvall  ( 1 5) , O l sen ( 4 6 ) , - P arikh ( 4 9 )  and 
Parikh e t  al . ( SO ,  5 1 ) . To de termine the op timum amount of  H and of O 
ant i serum required to coat a 1 : 2 0 , 000 d i lution of  2 . 02 JJ. d i ame ter 
latex con taining 1 . 2 x 1 0
6 
par t i cle s /ml , the fol lowing experiment s  
were carri ed o ut : 
De termina t ion o f  op timum concentration of H ant i serum ( Spi cer , 
Edward s N o . 1 )  for mono layer formation on la tex : 
A 1 : 1 00 d i l ution of H an tiserum ( Di f eo )  in I so ton ·was  used for 
thi s experimen t .  One hundred ml o f  1 · 2 0 , 000 di luti on o f  latex was 
sonicated in a beaker to provide a uni formly soni cated la tex suspen­
sion ,  whi ch wa s d i s tri buted in 1 8  ml aliquotes in 5 vial s .  To each 
vial ,  0 . 0 ,  0 . 5 ,  0 . 8 ,  1 . 0 or 2 . 0 ml of  the H anti serum was added and 
I soton added to ob tain final vo l ume of 2 0  ml . 
The control vial was counted firs t to de termine t he in i tial  vo lume 
di stributi on of  the la tex particles . Each of  the fo ur via l s  was in­
cuba ted at  3 7  C for 10 minutes  and the ir partic le vol ume d i s tr i bution 
was obtained . A s  the ant i serum coa ted the latex par t i cle s , the volume 
of the l a tex par t i cl e s  incre ased . The Coul ter Coun ter coun t s  parti cles 
on bas i s  of the ir vo lume . The dominan t peak o f  the uncoate d  or control 
latex di s tribu t ion is at channe l 6 .  Sorensen ( 5 8)  and O lsen  ( 4 6 )  
reported forma t ion o f  a monolayer o f  ant i serum on latex par t ic l e s 
re sul ts in a channe l shi f t  from channe l 6 to channe l  7 .  F orma t i on 
of  a double layer o f  anti serum on la tex was cal culat ed by Parikh ( 4 9 )  
t o  g ive vo l ume increase whi ch woul!:l _have been mea s ured i n  channel 8 .  
The add i ti on o f  0 . 5 m l  o f  H anti serum gave a max imum d e crease o f  par­
t i c l e  co un t s  .� t channe l 6 and propor tional maximum incre a s e  o f  par t i ­
c l e s  in channe l 7 ( Table 6 , F i g .  5 ) . 
The concen tra t ion of an t i body pro te in n i trogen pre s en t  in the H 
an t i s erum was de termined using a mod i f i ed b i ure t me thod o f  G orna l l  
3 8  
e t  al . ( 2 0) . One -ha l f  ml of H anti s erum, whi ch con ta ined 2 . 3  mg o f  
an ti body pro t e in n i trogen /ml , showed the max imum s hi f t  o f  latex par t i ­
cle vol ume s  from channe l 6 to channe l 7 .  
De terminat i on o f  Optimum Concentration of 0 Ant i s erum for M ono layer 
Format i on on La tex 
A b i ure t a s s ay of D i f  co Salmone lla po lyvalent 0 an t i s erum revealed 
tha t the t i ter o f  t he type 0 ant i body pro te in ni trogen was twi ce the 
ti ter  of the an t i body pro tein ni trogen in t he Spi cer E dward s type H ( l ) 
an ti s erum for Sa lmone l l a . Therefore , to o b tain the equiva l e n t  concen­
tra tion of an t i body pro te i n ,  the 0 an t i serum was d i l ut e d  to 1 : 2 00 w i th 
I soton . 
To the 1 8  ml a liquo t s of son i ca ted latex suspen s i on i n  vial s , a 
1 : 200 d i l u t i on o f  O an t i serum was added in propor t i on s  rang ing from 
0. 0 ml to 2 . 0 m l  and the f inal vo lume was made to 2 0  m l  by add i t i on 
of I s o ton.  
The 0 an t i body coa ted latex s uspension in each v i a l  wa s coun ted 
for i ts vo l ume d i s tribution . The Coul ter Coun ter d a ta f or e a ch con­
centra t i on of  O an t i se rum were ana lyzed by us ing program 1 in the 
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Tab le 6 .  C o u l t e r  C o un t e r  ch anne l  6 c o un t s  shi f t  r e s u l t in g 
f rom co a t in g  latex p ar t i cle s w i th H an t i s e rum . 
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Tab le 6 .  Continued . 
L f\T S X+ 1 .  O !< L O F l . � �  LPl T E X +  2 • G t<L G F H � P. .1 . i....; 
3 •f:. 6 '-l  9 7  2 2' 4 3 3  3 2 9  5 2 1  S 9 3 3 3  
2 & 3 1 6 1 0 1 . 2 1  2 9 2 7 1 1 6 5  • 5 5 
2 � /.! 8 5  0 • 3 07� 2 9 2 0 2'  0 .  5 6 � 
- 2 9 4  2 7  
4 2 {5 7  4 :)  2 8 7 2 7 4 2 9 2 3 2 2 9 3 0 6 
2 8 6 3 3  6 6 . � 2  2 9 2 9 1 8 2 . 5 3 
2 f:S b 0 3  0 .  3 0 .1.. 2 9 3 9 5  u .  2 o z  
1 1 7 8  1 5 4 Es  
5 2 7 5 5 3  2 7 5 4 9  5 2 7 7 l'. 6  2 7 7 5 b  
2 7 5 0 3 Li li . 1 4 ';:. 7 7 6 9 1 G • 6 0 
2 7 5 S l  0 .  l 6t  2 7 7 5 6 0 . 0 4 "  
2 9 8 0 3 1  1 3 
6 2 -l'. 7,.0 C. � 4 5  6 9  6 2 4 6 9 1 2 4 6 � 5  
_, 2 4 3 5 4 l f5 d , b Li 2 Lt 5 9 2  4 9 . 6 7 
2 4 6 4 ::5  0 .  7 7 1.. 2 4 6 S �  o . •  2 0 ;;. 
6 6 2 6  6 6 t 3  
7 1 7 St 5 6 1 7 � 4 3  7 1 7 9 0 7 1 7 c:; 6 'C. 
1 7  9 5 5 2 Ll . G 1 1 7 9 3 0 7 6 . 7 9  
1 7 9 1 5  (J • 1 3 ;� 1 6 0 5 0  0 . 14 3 ;� 
� 4 (J 9  3 9 9 9 
8 1 3 6 6 5 1 3 5 3 �  0 1 '-1 1 � 2 1 3 S 6 3 
1 3 L1 3 2 1 1 9 . 1[.S 1 3 9 5 3  1 5 3 . 7 6 
f 3 5 (J 5 0 . 8 8 % 1 3 o l S  l • 1 0 ;,. 
2 8 9 9  3 9 1  (J 
9 1 0 6 7 2 1 0 6 3 5  9 1 0 (J 2 7 1 0 0 5 3  
1 0 6 3 5  3 6 . S O  1 0 0 Li } 3 3 . 6 S 
1 0 5 9 9  0 .  3 1.! ;� 1 0 0 9 1  0 .  3 3 1.. 
2 3 4 2  1 6 1  0 
l 0 8 3 G 5  2 2 9 3  1 0 6 4 4 6 8 4 4 3  
8. 2 7 5 1 5 . 0 7 0 4 7 �  3 9 . 2 7 
b 2 9 9  0 .  l 9 %  b 4 0 1 0 .  4 7 ;.;  
8 3  0 1 0 2 1  
l l '/ L! 6 1  7 4 63  1 1 7 4 0 1 7 4  2 1  
7 4 0 3  2 3 . 5 9 7 Lt 2 5  1 [J .  7 7  
7 LI L;. l 0 . 3 2 1.. 7 4 3 6  0 .  2 5 ;}; 
1 3 6 3 1 3 3 5  
1 2 6 0 9 2 6 1 (J 0 1 2 6 0 9 3  6 0 2 7  
6 0 9 0  1 6 . 2 0 6 U  St 2 l 0 • 1 2 
6 1  1 9 0 • 2 7 7� 6 0 7 5  0 .  l ? :.;. 
6 1 5  1 2 3 7  
1 3  5 4 9 7  5 4 8 6 1 3  4 b 7 6  4 0 5 G 
5 4 S 2  2 9 . b 7 L! b 4 6 2 5 . 5 4 
5 5 0 3  0 .  5 L1 % 4 L 2 5  0 .  5 3 %  
Cl) � 
§ 0 () 
r-1 Q) 
� 
6 
Vo lume 
Ch anne l  
F ig . s .  
+ - • OJ ' O' • ' • 
' • I • + (") • c:) • '° • • • 
' • • 
' + '1l ' co ' c- • • I • • . . • + c- ' .;{) . .0 I 
°' .:0 "1 
' • • 
' • • + · ' • t • 
' • 
' • I • I °' ' q • ' 
' • • 
' I + C"') ' °' ' C"') I • • • ' ' ' + � I °' ' CJ ' ' • I • • • 
. + "' . °' • • . . • • ' • • + co ' °' • • ' I • • • • • 0 • 
.0 -. 
4 1  
-} 
I 
. 
k_\7�� q - � 
. ,., 
d) a (.\J :::r .{) .:0 . '° ('") 0 C'-. . . C\J (") ::: \0 If) 
in 
• • 0 • • • • • • • • 
• • • • 
.:0 c:> (IJ � "' .!) 
0 
::: .;I.I O' ,.;;, n 
C> c::J 
. . 
'° r- c- <O a-
CJ C> 
C\J (") .'.! (\J 
numb e r  (") t:t \/l "° c-
Coul ter Co un t er shi f t  
\!) °' 0 -
of c hanne l 6 coun t s wi th 
f o ur conce n tra­
t i on s o f  l l  an t i s er um . la t e
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Appendix . A p l o t  of  the channel counts  versus channe l number and vo l­
ume ( Tab le 7 )  wa s obtained ( F i g .  6 ) . One half  ml  of 0 anti serum shows 
the propor tiona te maximum shift  from channe l 6 to channel  7 as was 
observed prev.iously wi th type H t
_
o obtain a mono layer of ant iserum on 
la tex ( F i g . 5 ) . 
Calcula tion o f  the Amount of Antiserum Giving M aximum Shi f t  
The ant ibody pro tein ni trogen i n  1 m l  was 2 . 3  mg ; there fore , 
1 . 1 5  mg o f  ant ibody pro tein ni trogen was in 0 . 5 ml . One-half  ml of 
H an ti serum was added in 18 ml of latex and the f ina l vol ume was made 
up to 2 0  ml wi th I soton . 
There fore , l . l S  mg an ti body pro tein ni trogen in 2 0  ml of solution 
has 0 . 057 5 mg /ml . The Coul tQr Counter sample size  i s  only 5 0 JU1 , whi ch 
shows a d e crease in counts of channe l  6 and an i n crea s e  in coun t s  of 
channe l 7 .  The con cen tra tion of antibod y pro tein n i trogen in a 5 0 Afl 
s ub-sample is 0 . 002 87 S mg or 2 . 87 S  � gram . 
De terminat i on of  M ul t i layer Formation of Antiserum on La tex 
A f ter d e termining the concentra tion of an ti serum ( 2 . 87 5  ug / 50  Afl ) 
whi ch formed a mono layer on latex particles  ( F i g s . 5 and 6 )  by s ingle  
channe l shi f t s , the next experimen t wa s done to obs erve the e ffe c t  of 
high concentra tions of  anti serwn on 1 8  ml of  1 : 2 0 , 00 0  di lution o f  la tex 
containing 54 x 1 0
4 
parti cles / SO ..ul . 
To a seri e s of via l s  containing 1 8  ml of soni cated  1 : 2 0 , 00 0  
d i luti on o f  · 1atex ,  O antiserwn ( 1 : 2 00 di lution) was added ranging 
from O . O  to 2 .  7 5  ml  ( O . O tug / SO All to 1 5 . 81  J.Jg/ 5 0  All ) . A f ter 1 0  
43 
Tab le 7 .  C oulter C o un t e r  ch anne l 6 count s shi f t  res ult in g  f rom 
coat in g  la tex p ar t i c les wi th polyvalent 0 ant is e rumo 
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1 0 7 1 9 0 7 l 6 1  1 0 7 4 7 2  7 4 6 7  
7 1 0 8 4 6 . 2 3  7 L!.  9 3  2 9 . 3 7  
7 1 3 6  (J • 6 5-;� 7 L:s 3 S  0 . 3 9 ;·� 
1 0 l l 64 0 
1 1 6 1 5 9 6 1 5 0  1 l 6 2> 0 1 6 6 2 7  
6 1  1 7 2 � . 5 5  6 3 3 5  2 2 . 6 6 
6 1 7 4 0 . 4 S :� 6 6 4 4  0 .  3 3 �� 
9 8 9  1 3 8 7  
1 2  5 1  l 9 5 1 6 1  1 2 5 4 5 0 5 4 4 0 
5 l 9 (J 3 7 . '=. 4  5 4 3 3  8 . & 9 
5 1 7 4  0 .  7 2 1.. 5 4 3 7  0 .  l 6 7� 
- 6 1 5  9 6 3 
1 3  4 5 2 9  4 5 4 6 1 3 4 4 5 8 4 4 5 7 
Li 5 7 7 2 6 . 6 3  4 '-1 3 7 l � . 5 2 
4 5 3 3  0 .  s 9 �  4 4 7 6  (J . 4 � �  
Vo lume -
Ch anne l  
U) .w 
§ 0 v 
r-f <l) r:l 
fd ..c · U 
•n + t- I 
<I I 
. I ' ' ' ' ' ' r- + (\j '  " ' ' ' ' ' ' . I 0 + ,Q ' 
M l  
I ' ' I ' I I (II + 
M l  
M I  
I 
I 
I 
I 
I 
' 
I l/l + .D ' 
Cll ' 
I ' ' • ' ' ' ' t- + O I  C\I '  
I · 
I 
I 
I 
I 
I 
I 
0 + °' ' _, I  I ' I • ' I ' 
N + 
::t I - ·  
I 
I 
I 
I 
• 
I 
I If) + 0- I . 
' 
I 
I 
I 
I 
I 
I 
• t- + ;:/ I  . .  
' 
I 
I 
I • : J
P• 
I .- ,  
o o • "· � ·  
-0 •O - •V 
N ,\I 
IlUITlJ H � r n "1 
• • • • • • • • • • • • 0 • • • • • • $ • 
..., (\j .J . , .D 0 '\I .:.r .., ..;) 0 '° n <.> '": '! '" J- .., C") .:> .-0 . n .:.r . Ill ul '° t- t- .\) 0- , , <.:> ... •l'I .., r-- ") ,_,.. 0 ';"J n � - -
Fi gure 6 .  C oul t e r  C o u n t e r  sh .i f t  o f  ch ann e l  6 coun ts n�s u l t in g  
fro m  co ;.1 ting o f  l a tex p ar t i cl2 s wi th four 
con cc� t ra t i oru of 0 an t i s e rum . 
4 5  
lntex ( ""'..:_..,,.., ) , 0 . 5 rn l  o f  0 an t is c rw�1 ( - u .. ---· ) , L O  ml o f  0 an t i s c rur� 
1. 5  ml o f  0 <:m t i s e rum ( - L1 - '1- ) .:m d 2 . 0 . ml o f  0 an tiserun: (-S- 5 ·- ) ;-··o&.�) 
4 6  
minu t e s a t  3 7  C ,  each suspension was coun t ed , and the d a ta wa s analyzed 
by Program 3 (A ppend ix ) . The co un t s  of C hanne l s  6 ,  7 ,  8 and 9 were 
analyzed ( by t he I n terpo lat ion Program 6 ,  Append ix) to o b ta i n  the p l o t  
of the anti s erwn concentrat ion ver sus channe l co unt s  ( Table 8 and F i g-
ure 7 ) . 
The re s ul t s  r evealed tha t ,  as the amount o f  ant � s erum i n crea s ed 
in the l a t ex s uspe n s i on , the coun t for channe l 6 d e creas ed whi le  the 
coun t in channe l 7 increased to cer tain l imi t s .  T hi s i n cre a s e  i nd i -
cated forma t io n  o f  a mono layer of  an ti serum on the latex par t i c l e s . 
W i th a fur ther increase in concentration of  0 an t i s er um , co un t s  in  chan -
ne l 7 d e creased . Thi s ind i ca ted that la tex par t i cl e s  then had a larger 
vo lume t han was me asured by channe l 7 .  
The i ncre a s e  in the channe l 8 coun t ind i ca ted the forma t i on of 
do ub le layer s o f  an t i body per par t i cle as  ca l cula ted by Par i k h  ( 4 9 ) . 
When the amo un t of an t i serum wa s further i ncrea sed , the channe l  8 coun t 
.d e cre a s ed and the coun t  in channe l  9 incre ased b e cause o f  the forma tion 
of trip l e laye r s  of  an ti body on each latex part i c l e . 
The d a t a  o f  thi s experimen t  were analyzed for l in e ar regr e s s i on 
( F ig .  8 )  ( P rogram 5 in  A ppend ix ) to de termine the propor tiona l d e crease 
in channel 6 w i th an i n crease in ant iserum con cen tra t ion . The l inear 
regre s s i on fo und in F i gure 7 i s  li near from 0 to 1 . 2 5 m l  ( 0 . 0  to 7 . 1 8 7  
mg o f  an t i body pro t e in ni troeen/ 50 ul ) o f  an t i serum concen tra t i on wi th 
a 97% corre l a t i on co e f f i c i en t .  
The e ffe c t  o f  anti s erwn on 1 8  m l  o f the 1 : 2 0 , 000 d i lution of 
6 6 2 . 02 Al lat ex ( contai nine 1 . 2 x 1 0 par t i cl e s /ml or 54 x 1 0  
Tab le 8 .  C o ul t e r  Coun t er m � l t i p l e  c hanne l s hi f t s  re su l t i n g from 
coa t i n g  la t e x par t i c l e s  wi t h  d i f ferent con cen t ra t i on s  
o f  p o ly va l e n t  0 an t i s e r wn . 
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J .  3 0 
I . 3 5 
I .  4 0  
l .  4 5  
I • 5 & 
1' . 5 5  
1 . 6 &  
I .  6 5  
1 . 7 0  
I • " 1 5  
i .  c !J . 
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0 . 7 5 
0 .  0 (J 
o . t s 
0 .  9 CJ  
0 .  9 S  
l • (J 0 
1 . c, 5  
l • 1 (J 
l . 1 5 
l .  � 0 
l .  4:: 5 
1 • 3 0 
J . 3 5 
1 • 4 (J 
1 .  4 5  
l • 5 G 
1 . s s  
l . 6 0 
l . 6 5 
' .  7 (J 
1 • 7 s 
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0 an t i s er um con c e n tra t i on 2 . 3  mg/m l  
F i g .  8 .  L i n e a r  r e gr e s s i on o f  c ha nn e l 6 co un t s  ve r s u s  i n cr e a s e  i n  
conce n t ra t i on s  o f  0 an t i s e r wn . 
part i c l e s / S O  pl ) i s  l i near for t he conce n tra t i on o f  a n t i s e r wn  f rom 
0 . 0 u l / 50 � l  to 7 . 1 87 ug / 50 ul o f  an t i body pro t e in n i t ro ge n . 
F or S a lmon e l la ce l l  d e t e c t i on i t  wo u l d be n e c e s s ary to have a t  
l ea s t a monols:l.yer o f  0 an t i s er um o n  e a c h  l a tex p ar t i c l e . T here for e , 
t he m i d -va l ue o f  0 . 5 m l  o f  0 an t i body was s e l e c t e d  f o r  a l l  f ur t he r  
experimen t s .  
Syn chron i z a t i on o f  S al mon e l l a typhimur i wn  
The 1 8-ho ur BHI bro t h  c u l t ure o f  ce ll s o f  Ii· typh i m ur i wn  wa s 
51 
meas ured by a pha s e  mi cro s cope for d e t erm i na t i on of t heir c e l l  vo l ume s . 
A s crew mi crome t er (AO n umber V 587 90)  was us e d . The l en g t h  and d i am e -
t e r  o f  50 ce l l s  w e r e  mea s ured , and the vo l ume o f  e a c h  ce l l  wa s c a l c u -
2 la ted usin g the f o rm u l a  r h.  /\. hi s t ogram ( P rogram 7 in Append ix )  was 
o b t a i ned f o r  t he vo l ume d i s tr i b u t i on ( F i e .  9 ) . The range o f  the vo l -
urn e s  o f  the ce l l s  was too wi d e  s o  i t  was d i ff i c ul t t o  d e t ermine the 
num b er o f  S a_lmon e l l a  t yph i mur i um ce l l s  w h i ch had ad s or bed on an t i body 
coa t e d  l a t ex p arti c l e s . 
To avo id t h i s pro b l em ,  a syn chron i z a t ion s t ep for .§_ .  typhimur i wn 
ce l l s wa s i n tro d uced to o b ta i n  a un i form c e l l vo l wne . The ce l l  d iv i -
s i on of a �· t yph im uri um c u l t ure wa s syn chroni z ed by t he m e t hod o f  
Lark and M aa l¢e ( 3 6 )  (M a t e r i a l s  and M e t hod s ) . T he t empera t ur e  s ho ck 
of  2 8  C d o e s no t s t op t h e  grow th o f � · t yp h imur i um c e l l s  b u t  i t  does 
s low the ra te o f  c e l l  d i v i s i on . T herefor e , the ce l l s e l onga t e . A f ter 
a ha l f hour , when o ther tempera t ure s ho ck was given , t he e long a t e d  
ce l l s  d iv i d ed a t  a fas t e r  ra t e .  T h i s  cy c l e  of t emp e ra t ur e s ho c k  was 
repea ted four t im e s . A c cording to Lark and M aa l 9'e ( 3 6 ) , a f t e r  t he 
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. X X X *  
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Numb er o f  ce l l s  
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F
.
igu re 9 .  Hi s to gram o f  n umb e r  o f  nons yn ch ronous S .  typh i muri um 
cells ve rs e s  vo lume o f c e lls me as ure d  mi c ro s cop ically .  
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t h i rd cyc l e  o f  t emperature sho ck , more than 9 0  per ce n t o f  c e l l s  are 
synchroni zed s o  t hey d i v i d ed a t  the s ame t ime . Ther e fore , t he vo l wne 
range of the c e l l  wa s very narrow . 
The cul t ure w a s i na c t i va t ed immed i a t e ly by 0 . 5 per c en t o f  formal-
·d ehyde to avo i d  a vo l wne change . T h �  p l a t e  co un t o f  t he synchro no u s  
8 
c u l t ure was 1 0  ce l l s /ml . 
I t  was im p or t an t to d e t ermi ne t he i n i t i a l  vo l ume o f  syn chron i z ed 
s . t yp himur i urn  c e l l s and t he e f f e c t  o f  0 . 5 ml o f  1 : 2 00 d i l u t i on o f  
0 an t i serum on syn chroni z ed S .  typh imuri um cel l s . 
D e t e rm i n a t i o n  o f  V o l ume o f  Syn chron i ze d  Sa lmone l l a  typh i m ur i um  C e l l s  
F orma l d e hyde trea t ed son i ca t ed and synchronized ce l ls o f· s .  _sr-
phimur i um were d i s tr i bu ted i n  18 m l  a l i q uo t s  i n to two v i a l s . To one 
of the v i a l s , 0 . 5 ml o f  0 an t i serwn ( 1 : 2 00 d i l u t i o n ) wa s added . The 
c e l l  s u s p e n s i o n  and an t i s erum m i x t ure wa s i n cuba t ed for 1 0  m i nu t e s a t  
3 7  C t o  a l low po s s i b l e  aggre ga t i on . T he vo lume d i s tri b u t i on o f  the 
syn c hron i z ed ce l l s  w i t h  and w i t ho u t  added an t i body was mea s ured a t  a 
Co ul t er a t t e n u a t i o n s e t t i n g  o f  1 ,  an aper t ur e  se t t i ng o f  8 and t he 
thre s ho l d s e t t in g  from 3 to 1 5 , wi th channel  re s o l u t i ons o f  0 . 7 "3 
( 46 ,  4 9 ,  s o ,  5 1 , 5 8 ). 
The da t a  wer e  ana l y z e d by program 3 (A ppend ix ) . The p lo t  o f  t he 
channe l  co un t s ver s u s chann e l number ( and v� l wne ) wa s o b tai ned ( Tab l e  
9 , F i g .  1 0 ) . 
F rom t he d a ta for t he s y n chroni z e d cu l t ure , i t  wa s d i f f i c u l t to 
de c ide t he vo l ume o f  a ma j or i ty o f t he ce l l s s i n ce c ha nn e l  3 and chan-
ne l 4 co un t s p r e d omi n a t ed . A l so , the coun t at t hr e s ho ld 2 .  and a t  an 
Ti.1. b l e  9 .  Chann e J  co u n t s  o f  syri chron i z.cd s .  _D'_l> h imur i urn c'c l l s  wi t h  add i t ion o f  po lyva l cn t  0 an t i s eru.r:l .  
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at tenua t ion s e tting o f  1 and an aper t ure s e t t i ng o f  8 was not tak e n  
a s  t h e  e l ectr i cal n o i s e  l e ve l  wa s too hi gh . T here fore , the co unt for 
channel 2 i s  not known . A nti s er um  cau se d a d e crea s e  in count in chan-
n e l  3 and an i n cr e a s e  in co unt in channel 5 .  The d im e r s o f  synchro� 
nized cells were f ormed as i nd i ca t ed .by an increa s e  in c o unt at chan-
nel 5 .  The i n i t ial volume of ce l l  wa s l e s s  than the vo l ume me a s ured 
at c hannel 3 .  
To d e te rmi ne t he c e l l  vo l ume , 5 0  ml o f  son i ca ted synchro n i z e d  
S .  typhimur ium ce l l s  were co unted at 3 d i f ferent s ettings with 3 d i f-
feren t r e s olut i on capabi l i t i e s . T he lar8e volwoe avo i d e d  p i pe t t i ng 
error s. The att enuati on s e t t i n s  o f  l and an ap erture o f  8 has a re s o ­
l u t ion per channe 1 of  0 .  7 2  ,,} , while an a t e nua t i on of  O. 5 and an aper -
3 
ture of  8 ha s a re s ol u t i on per chann e l  of 0. 3 6  � , and an a tten uati on 
3 
o f  0 . 2 5 and an a p e r t ur e  o f  8 has a re s ol ution p e r  c hannel of 0 . 1 8  u 
( 4 9 ) . 
F i fty m l  o f  s o n i c a t e d  ce l l s  were co un t e d  a t  a t t en ua t i on l and 
aperture 8 f rom thres ho l d 3 to 9, whi ch co un ted the particles w i t h a 
3 3 
volume ran ge o f  2 . 1 6  Al to 6 . Lt 8  tU • T he second s ettinG for co unting 
·of c ells w a s  an at t enua t i on o f  0 . 5 and an aper ture o f  8 from t hr e s ho ld 
3 to 1 5  whi ch co un t ed 3 t he p articl e s  w i th a vo l wne rane;e from 1 .  08 .u 
3 to 5 . 4 "  • The rema i n i n e  ce l l  s usp ension was c o u n t ed a t  an a t t enuation 
of 0. 2 5  and an ape r t ure o f  8 from t hre shold 5 to 3 0 ,  whi ch co un ted the 
3 3 
part icl e s  from a vol ume ran ee o f  0. 54 � to 5 . 4 0  � • T hus , t he over -
all vol wne ran Ge coun t e d  for synchron i z e d  Salmone l l a t y p himuri wn cell s 
3 3 Volume d ete c t i o n wa s 0 . 54 AJ to 5. 4 0  � • 
57 
The h i s t o gr am of vo l ume ver s us chann e l  coun t s  wa s p l o t t e d  in F i g-
ure 1 1 . E a c h  time , when t he r e so l u t ion was doub l e d , t he dom i nan t peak 
are a  was s h i f t ed t oward s channe l  2,  w i t h  a 0 . 7 2 Af3 re s o l u t i o n  se t t in g .  
There fore , t h-G  vo l ne o f  s yn c hroni zed ce l l s  was be tw e e n c hann e l  2 and 
channe l 3 or b e twe e n  3 3 1 . 4  � and 2 . 1 o . T h i s a l so exp l a i n s  the forma-
t i o n  of d imers in chan n e l  5 w i t h  a vo l ume of 3 . 5 JU3 (F i g .  1 0) . 
A f t e r  d e t e rmina t i on o f  t he yo l wne of syn chron i z e d  ce l l s  and i t s  
shi f t  wi th 0 . 5 m l  o f  an t i body , t he nex t s tep i n  this i n ve s t i ga t i o n  was 
to u s e  a n t i body coa ted la t ex · for dete c tion of synchroni zed �· t yphi -
mur i um c e l l s .  
D e te � ti on o f  S yn chro n i z e d  S .  typhirnuri um C e l l s  U s i ng A n t i body Coa ted 
La tex 
A s on i ca t e d , 1 : 2 0 , 000 d i l u t i o n  of 2 . 0 2 � l a tex par t i c l e  s us p en s i on 
was d i s tr i b u t e d  i n t o  1 8  ml al iquo t e s  i n to three C o u l t e r  v i a l s .  To two 
vial s 0 . 5 ml of O an t i se r wn was add ed and bo t h  v i a l s  were incubated 
at 3 7  c .  
The · t hi rd v i a l  wa s co un t e d  to o b ta i n  t he i n i t i a l  vo l wne d i s tribu-
ti on of la tex a s  a con tro l . A f t er 10 mi n u te s , 2 . 0 m l  of 1 : 1 00 d i l u t ion 
. 6 of synchro n i z e d  �.  typhimuri um ce l l s  ( 1  x 1 0  .ce l l s /m l ) were add e d to 
on e o f  t he v i al s , w hi c h  was re - i n c uba t ed at 3 7  C .  The vo l ume d i s tr i - · 
bu t i on c ha n ge o f  l a t e x  coa t e d  w i t h  an t i s er um was meas ured us ing a 
Co ul t er Co un t er .  A f te r  l C  m i n u t e s , t he vo l ume c hange d ue t o  ad sorp tion 
of S . typ h imuri um c e l l s  on t he an t i ser um coa ted la t e x  was o b tained 
u s i n g  a Co u l t er C o un t e r . 
The C ou l t er C o un t e r d a ta for each vo l ume pro f i l e was _  analyzed by 
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P rogram 3 (A pp e nd ix ) and repor t e d i n  Tab l e  1 0  and F i gure 1-2 . A n  t i s er wn 
i ncrea s e d  t h e  vo l um e  o f  the l a t e x  par t i c l e s  and ca u s e d a s i n g l e c hanne l 
s h i f t  from c hann e l  6 t o  channe l 7 ( F i g s . 5 and 6 ) . S y n c hro n i z e d  
� ·  t yph imu r i um c e l l s  were ad sorbed on an t i bo dy co a t e d  l a tex and t he 
i n cr e a sed vo l wne w a s  m e a s ured a t  chann e l  9 j u s t  as t he vo l ume o f  s yn-
chron i z e d  ce l l s  w a s  ord ered i n  c hann e l  2 ( F i g .  1 1 ) . 
The C o u l t e r  C o un t e r  d a t a for antiserum coa t e d  l a t ex and an t i s e rum 
coated l a tex p l u s syn chroni z e d  � ·  typh imur i wn ce l l s  were a l s o ana lyzed 
f or C o u l t e r  C o un t er c hann e l  d i f f er e n c e s  by l' ro gram 4 of t he A p p e nd ix .  
T he plo t o f  channe l d i f f e r e n c e  c o un t s  versus channe l  n um b e r  ( T a b l e 1 1  
and F i g .  13 ) i nd i ca ted t he d e �r e a s e  i n  co un t o f  chann e l 7 w i t h  a car-
resp ond i ng incre a s e  in coun t s  of ch�nne l  9 .  
P ha s e  m i cro s co p i c  exam i na t i o n  o f  t hi s  c e l l - l a t e x  s u s p e n s i on m i x -
t ure con f i rmed t ha t  o n e  syn chron i zed �· typh i rn ur i wn c e l l  ad s or be d  on 
an t i s e r um co a t ed l a t e x  a s  s hown by Co u l t er Co un ter da ta ( Ta b l es 10 and 
1 1 , F i g s . 1 2  and 13 ) .  
A f t er b e i n g  a b l e  t o  d e t e c t  synchron i z ed Sa lmone l la t yp h im ur i wn 
6 
ce l l s  by t he vo l ume chan ee o f an t i body coa ted l a t ex by 2 x 1 0  ce l l s , 
i t  w a s  d e c i d e d to f i n d t he l ow e s t po s s i b l e  n umber o f  s y n c hro n i z e d ce l l s  
d e t e c t e d  b y  an t i s er um coa ted l a t ex . 
The d e cr e a s e  i n  t he co un t s  for channe l 7 and t he i n cr e a s e  i n  
co un t s  f o r  chann e l  9 i nd i c a t e d  t ha t  on e synchron i z e d  �· typh imur i wn 
ce l l  ad s or b e d on to one an t i ser um co a ted la tex par t i c l e . 
De t e rm i n a t i on o f  Lowe s t  N wnbcr o f  Synchron i zed C e l l  D e t e c t e d  by A n t i -
�erum C o a t ed L a t ex 
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Ch anne l numb e r  
F i gure 1 3 .  D i f fe ren c �  i n  coun t s  o f  ch anne l 7 o f  an ti1.) ody
 co a t e d  
lat ex due t o  ads orp t i on o f  synch ron i ze d  1o ������1ri u1ii 
c e l ls o ch aene l  <l i f  fo ren ce. ( - • - • ) • 
64 
A 1 : 2 0 , 00 0  d j l u t i on of soni ca t ed la t ex wa s d i s p e n s ed i n  18 ml 
a l i q uo t s  in v i a l s . To e a c h  o f  th e se v i a l s ,  e x cep t on e for l a tex con-
tr o l , 0 . 5 m l  of 0 an t i s e r um wa s add e d , and t he vi a l s  w ere incuba ted 
a t  3 7  C for 10 m i n u t e s . To all an t i serum co ated l a tex s u s p e n s i on s , 
syn chron i z ed S a lmone l l a  typhimuri um  c e l l s were add e d , ran gi ng from 
0. 0 to 6 .  0 ml of 1 .  0 x 1 06 cel l s /ml . The to tal vo l wrie in e a c h  v i a l 
was kep t the s am e by t he add i t i on o f  I s o ton . E a c h  vi a l  w a s  coun t e d  for 
i t s  vo l ume pro f i l e  from t hre shold 3 to t hr e s ho l d  1 5  a t  an a t ten ua t i on 
3 
s e t t in B  o f  1 and an ap e r t ure s e t t i n g  o f  8 , w i th 0 . 7 Af c hann e l  r e so l u -
t i on . 
The C o u l t er C o un t er t hre sho ld tri p l i ca t e  coun t s  were ana l y z ed f or 
the i r  me an ,  s tand ard d e vi a t i on ,  % s tand ard devi a t i on a n d  c ha nne l cou n t 
by pro gr am 3 o f  t he A pp end ix . 
A n  i n t erp o l a t i on Pro eram 6 ( i\ pp e nd i x )  was u s e d  to o b t a i n  a p l o t 
of t he i n cre a s e  in con cen tra t i on o f  synchron i z ed c e l l s ver s u s  c hanne l 
co un t s  o f  chann e l s 7 and 9 ( Ta b l e  1 2 , F i 13ure 1 4 ) . 
F r om F i gure 1 4 , i t  wa s conc l uded tha t  channe l 7 c o un t s  o f  an t i -
serum co a t ed la t ex par t i cl e s  d e cre a sed b e c a u s e  o f  ad s orp t i on of s ingl e 
synchron i zed �·  typhimur i um c e l l s wh i c h i n cr eas e d  the vo l wne o f  t he 
an t i s e r um coa t e d l a t e x .  T h r  l a t ex-an t i body-ce l l  comp l ex appear s i n  
channe l 9 ( F i eure s  1 2  and 13 ) .  The coun t s  o f  channe l  7 a n d  9 appear 
to be l i ne ar , w i t h  an 82% corr e l a t ion coe f f i c i en t  ( F i gure 1 5 )  for t he 
6 
ce l l con c en tra t i on o f  s y n c hron i z ed s .  typhimur i wn ce l l s  from 0 . 3 x 1 0  
ce ll s  ( 6 1 2  ce l l s / 5 0 Nl )  to 1 x 1 06 ce l l s  ( 2 , 04 0  ce l l s / SO N I ) . W i th 
6 
the i n cr e a s e  i n  con cen tra t ion o f  ce l l s up to 2 . 4  x 1 0  ce l l s  
6 5  
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F i. g .  1 1.f .  C h �.ng. !  i n  cha. � n e 1_ 1:oun t s  o f  2.r: t i s i:rwn c.0:1 t ed l a t e x  tr� . t h  the 
i n c r. c a 0 �� >_ a C1):1. c c ,1 t c,1 t i ons o f  s y:l c hron i z c .. � c e 1  l s  o f  ..... . .!:..�=--
. n h i i:�u.rj._!2_'.� · channel  ( •': ) .:1r1.d c:h0nne J_ 'J ( 0) .  
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( 4 , 8 97 cell s / 5 0 � 1 ) , the re l a t ive change in bo th channe l s rea che s a 
p l a t e a u  ( Table  1 3 , Figure 1 5) .  H i ghe r concen tra tions o f  ce l l s ca us e d 
mul ti -channel s hi f t s . 
There fo:r-e , in F i gure 1 5  t he lowe s t po s s i b l e  nwnber o f  c e l l s  t ha t  
co ul d b e  �e t e c te d by an t i s er �1 coated la tex i s  0 . 3 x i o6 cel l s o r  6 1 2  
ce l l s /  S O  All .  
A f t er d e t e rm i n i ng t h e  l owe s t po s s i b l e  n umber o f  s yn chro n i z ed 
S .  typhimur i um ce l l s de t e c t ed by an tis er um coa ted l a t e x ,  t h i s C o u l ter 
C o un t e r  me t hod was compared w i t h  macro s cop i c  and m i cr o s cop i c  slide 
ag g l u t i na t i on and a t ube agg l u t i na t ion m e t hod to d e t e rm i ne t he s en s i -
t i v i ty o f  t he s e  me t hod s . 
Compar i son o f  S l i d e  i\ gr, l u t i n a t i o n  H i  th  A n t i s e r um C oa t e d La t ex C o u l t.er 
C o un t e r  M e t h od for D e t e c t i o n  of Lowe s t  N.um ber of  S a lmone l l a C e l l s  
For rap i d  s l i d e  aEg l u t i n a t i on the pro ced ure o f  Burrell ( 7 ) wa s 
fo ll owed . 
A s eri e s  o f  d r o p s  o f  2 5  �1 o f  0 an t i s erum con t a i n i ng 1 1 . 5  mg pro-
te i n n i tro ge n we re mad e us ing a M i crod e l  t ube ( C ooke E n g i ne e r i ng Comp-
any ) on a sl i d e a ggl u t i na t ion pla t e  ( S cient i fic Products , �1 6 2 2 5 ) . 
6 7 
To e a ch drop o f  an t i s c r wn , 2 5  Al l  and 5 0 1U l  o f  p ar t i c u l a t e  S a lmo ne l l a  
an t i ge n wa s  ad d e d  i n  different  con cen tra t i ons ( Ta b l e  1 4 ) . A gg l u t ina t ion 
wa s o b s e rved m a c r o s cop i ca l ly and m i cro icop i ca l l y us i n g an i nver te d  
mi cro s cope ( O l ymp u s , Tokyo ) w i t h 2 00X magn i f ica t i on .  T h e  m i n imwn num­
ber o f ceils req u i r ed by m i cro s cop i c  agg l u t i na t i on wa s 0 . 2 5  x 1 06 / s o � l  
whi l e  t he C o u l t er C o un t er an t i s e r um coa te d  la tex can d e t e c t  6 1 2  cells/ 
SO �l . Thus , s e n s i t iv i ty o f t he Coul ter C ount er a n t i s er um c o a t e d  l a tex 
' ' 
Table 1 3 . L i near pr;r t ion o f  chanf,c i n  cf: :·t;1:i i:.: l  coun t s  of � n t i  .s e rnm c"oatcd J. r.. t e x:  iv i t h  i n crca�c in c on c•�r!tra t i ons o f  
synchror1 i zed · _5?_ • . t Y r 1 h i :.i u d  �'il ce l l s .  
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Numb e r  o f  ce lls 
Figure_ 1 5 .  LinP ar p or t ion of  ch an ge in ch ann e l  coun t s  o f  an t i s e rum 
c o a t e d  l dt ex wi th th e in cre a s e  in con c en t ra t i on o f 
s yn chron i z c J  S .  typh irnu rium c e l l s  f rom 0 . 0 ml t o  
2 . 4  ml of  c e l ls c on t aining l a 0 * 10 6 cc l ls /� l o  
chann e l  7 ( * }_m d ch anne l 9 ( 0 ) • 
Tab le  14 . S en s i t ivi ty of ma cro s cop i c  and micro s cop i c  s l ide  aggl u­
tina ti on of  synchronized �·  typhimur i um ce l l s  wi th po ly­
va lent  0 anti serum .  
Concen tr a tion 
o f  C e l l s ,  
x 1 06 /ml 
so. 
25 . 
1 0 . 
5 .  
o . s 
0 . 2 5  
o . os 
0 . 02 5 
A n t i s erum 
Pro tein 
N i trogen , mg 
1 1 . 5 
11 . 5 
11 . 5 
l l .  5 
11 . 5 
11 . 5 
1 1 . 5 
11 . 5 
A gglut inatio n  
4+ 
4+ 
3+ 
2+ 
2+ 
+ 
± 
Tim e  
Req uired for 
A gg 1 u t ina ti on 
(minu t e s ) 
5 
7 
7 
1 0  
11 
1 5 
3 0  
6 0  
7 0  
me t hod i s  4 0 0- fo l d . The s l ide a eg l u t i na t ion me thod req u ir e s 1 1 . s mg 
7 1  
o f an t i s erwn pro t e i n  n i tro ge n w h i l e  t he Co u l t e r C o un ter an t i s e r wn 
coa t ed l a t ex me t hod u s e s  0 .  002 8 7  mg o f  an t i  s er um p ro t e i n n i  troeen/ S O  AI L  
The Co u l t e r . C o u n ter s ens i t i vi ty for an ti s erum d e te c t i on wa s 4 , 000-f o ld . 
Compar i s on o f  Tube A r,;g l u t i na t i on M e t hod w i th C o u l ter C o un ter A n t i s e r um  
C o a t ed La t ex M e t hod 
The pro ced ure o f  B urre l l  ( 7 ) was u s e d . F o ur syn chron i z ed S. typhi ­
mur i um con c e n t r a t i on s  were used ( Ta b l e  l S ) . The con cen tra t i on ran ge 
of 0 an t i s er um u s ed in t u b e  a Gg l u t ina t i on was 1 1 . 5  m g / 2 5 0 ,i(.l l t o  
0. 04Li 9  m g / 2 5 0 u l  of an t i serum. pro t e i n  n i tro gen o r  2 . 7 5  m g  to 0 . 00898 
mg o f  an ti serum pro t e i n  n i tro ge n / 5 0 1U l .  
T he m i n i mwn n wnbcr o f  ce l l s req u i red by t ube agg l u t ina t i on was 
5 x 1 0
6 
ce l l s / S O �1 w h i l e  the Co ul t e r C o un t er an t i s er um  coa ted l a t ex 
me thod d e t e c t s  6 1 2  ce l l s / S O All . Thus s e n s i t ivi ty i s  a bo u t  1 0 , 000-
fo l d . 
Thi s an t i s er um coa t e d -S a l mone l l a s y s tem can be used for the d e t e c ­
t ion o f  an t i s e rum . T he tube a gg l u t i na t i on me thod w i t h  i n crea s ed c e l l  
con cen t ra t ions t o  5 0 x 1 0
6 
c e ll s / SO tul can d e t e c t  1 . 4 3 7 3 mg/ S O  l'Ll l o f  
an t i ser um pro t e i n  n i trogen . The C o u l t er Coun ter an t i s e r wn coa ted l a t ex­
Sa lmone l l a sys t em can b e  u s ed for H or 0 an t i s er um d e te c t i on . I t  d e ­
t e c t s 0 . 2 87 5 ue / 5 0 Al l o f  an t i s e r um .  Thus , s e n s i t i v i ty o f  t he C o u l t er 
Co un ter an t i s e r um coa t ed la tex-S almone l l a  s y s t em fa i l s �o form v i a b l e 
tube a eel u t ina t i on i n  1 8  ho urs .  
Table 1 5 .  S en s i tivi ty o f  macro s cop i c  tube agglu t i na t i on of synchro­
nized S .  typhimur i um ce l l s wi th polyval ent () ant i s erum .  
A n t i s erwn A gglutina t ion of ce l l s  
a 
Tube Pro t e in N 
. Number (mg/ tube ) 
2 50b s o
b 2 5b b O .  2 5  ce lls  
1 1 1 . 5 4+ 3+ 2+ ± 
2 5 .  7 5 3+ 2+ + 
3 2 . 87 5  2+ + ± 
4 1 .  4 3 7 5  + ± 
5 o. 7 1 87 5 ± 
6 o .  3 59 
7 0 . 1 7 8 5 
8 0 . 0892 5 
9 0 . 044 6 
1 0  con trol 
a
Aggl u t ina t i on wa s re corde d  af ter incuba tion o f  t ub e s  at 45 C for 1 8  
hours . 
b
Number of  s .  typhimur i um ce l l s  x 1 0
6
/ 250  1t1l .  
7 2  
73 
Appl i ca t i on o f  C o u l t e r  C o unter � n t i s erum Coa t e d  La tex M e t hod to N on-
syn chron i z ed S .  typh imur i um C e l l s  
A loop f ul o f  1 8- ho ur c u l ture o f .§.. • typhimur i wn w a s  i no cul a te d i n  
13 7 m l  o f  Bll t bro t h  and wa s in c uba t e d i n  a wa ter b a t h  for s even and 
one -hal f  ho urs a t  3 7  C .  T he tempera t ure , t ime o f  i n c uba t i on ,  and 
amoun t  of bro t h  wa s c ho s e n  to r e prod uce t he cond i t i ods previ o u s ly u sed 
for a s yn chron i zed cul t ure . The c u l t ure wa s pre served w i t h  0 . 5% for ­
ma ld e hyd e . The p l a te coun t o f  t he non syn chron i z e d  c u l t ur e  wa s 98 x i o6 
ce l l s /m l .  
D e term i n a t i on o f  t he V o l ume o f  Nonsynchroni z ed S .  typhimuri.um C e l l s 
The pro ced ure u s ed to d e t ermine t he vo l ume o f  synchron i z e d  ce l l s  
( P a ge 53 ) was r epe a t e d t o  d e t e rm i ne t he vo l ume o f  non syn c hr on i z e d  
ce l l s . The r e s u l t s  a re g i v e n  i n  Tab l e  1 6  and F i g ur e  1 6 .  
The ma j o r  vo l ume p e ak app eared i n  channel 6 w h i c h  corr e s p ond s 
3 
to a vo l ume o f  4 . 3 2 A..l • The add i t i on of 0 an t i s er wn . to an a l i q uo t e 
of non s y n c hron i z ed ce l l s  c a us e s  an i ncre a s e  i n  vo l wn e whi c h  r e s ul t ed 
i n  a chann e l  s hi f t  from c hann e l  6 to c hanne l 7 .  Thi s corre s p o nd s  to 
3 
a vo l ume o f  5 . 04 JU • 
U s e o f  t he C o u l t er Counter A n t i s er um  Coa ted La tex M e thod for D e t e c t i on 
of N o n syn chro n o u s  s .  typhimur i um C e l l s . 
The pro c e d ure u s e d  for d e t e c t i on of syn chroni zed c e l l s  wa s 
app l i ed to nonsyn chroni zed c e l l  s u spensi ons (Page 5 7 ) . The r e s ul t s  
are p r e s e n t e d  i n  Table  1 7  and F i gure 1 7 .  The vo l wne o f  an t i s e r um 
coa ted la tex i s s . 04 �3 • The ad sorp t i o n  of non syn chron i z e d  ce l l s wi th 
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V o l ume -lJ .o 
Ct! :/ ·D .t) .J ,\J :J 
D LJ .;> 
..> <'l 
r- :J · J "' -0 ··1 .::=> v 
,I} 
l\J (\J 
C hanne l N umbern 
> , J  
C hanne l coun t of nonsy
ncttron i z ed ce l l s of 
S .  typhi� 
mi xed w i th 0 an t i s eru
m ver s us vol wne and 
c hanne l n wnbe r . N on-F i g .  1 6 . 
sy n chro n i z ed S . typh in
n ir i um con trol ( 
) and nonsyn-
chrOni zcd s . tyµhim�iL�·-:�o 
an t i s er wn ( - - - · -
· ) , 
Tabl e  1 7 . De te c t i on of ce ll s  of  nonsynchroni z ed � ·  typhim ur i um 
� � i n g  0 an t i s er um  coa ted la tex . 
L.C.T EX • 0 . 5 �:L O .�.B L A T S X +  Ci A :? -!- c t-''.L l'J . s . : .  3 2 6 r.> o 9  � 6 6 5 3  3 <:: (: 1 1 1  ::. 6 1 4  l ?. 6 6:) �  1 Si .  6 2 6 1 5 2 2 � . 9 2 b 6 3 1 0 . I t  <:: t, I ;, 9  u .  l ;<. - 4 S l 0 6 2  1 3  l:J 4 2 7  0 <: 4  2 7  I 0 4  4 2 5 2 � 4  c: ::, 2 7 0  . 2 7  1 3 9 6 S. . I 2 5 � � c.  1 2 . 9 
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l 6 v :J 2  G .  l z. l 67 !:> J  (J . 1 11.  
1 B u 4  2 2 u 1 'J 9 7  
9 t tu;, S 7 1 4 2. 4 4  9 l L1 5 6 2  l 4 5 ll 4  
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D e t e c t i o n of ce ll s  of  nonsynchroni zed s .  typhimur i wn  us i ng O 
a n t i s e r um c o a t e d l a t e x . l a tex con tro l
-
( ) . 0 a n t i s e r um 
coa t e d la tex ( ; ) . an t i s e r wn coa ted l a t e x  and n <;m s yn-
chron i z e d  S .  t yph i m ur i um ce l l s ( - • - • - ) . 
a vo lwne o f  4 . 3 2 �3 by an t i s e r um coa t e d  l a t e x  r e s ul t s  in an i n creas e 
in vo l ume to 9 . 3 6 tU3 whi ch a p p e a r s  in channe l 13 ( F i g .  1 8 ) . 
7 8  
T he ne ea t i ve va l ue for cha nne l  7 i nd i ca te s t he d e cr e a s e i n  co un t s  
o f  a n t i s e r um . .  co a t e d  l a tex pa r t i c l es .  The po s i t iv e  va l ue for channe l 
· 1 3 i s  th e eq u i va l e n t  s h i f t . 
The propor t iona t e  i ncre a s e � f  coun t s  i n  ch�nne l -1 3 r e s u l t e d  from 
t he s hi f t  of an e q uiva l en t  n um b e r  o f  an t i s e r um coa te d  l a t e x  p ar t i c l e s  
from cha n n e l 1 7 .  
De t erm i na t i on o f  Lowe s t  N umber o f  Nonsynchroni zed C e l l s  by C o u l t er 
C o un t er A n t i s e r um Coa t ed La t ex M e t hod 
The pro ced ure u s ed for d e t e c t i on of no n syn chro n i z ed ce l l s  was 
that previ o u s l y  u s ed for s yn chron i zed c e l l s  ( P age 59) . C o u l t e r  
C o un t er d a t a wa s pre s e n t ed i n  Ta b l e  18 a n d  F i gure s 19 and 2 0 .  The 
number o f  nonsyn c hr on i z e d  � · typh i mur i um ce l l s u s e d  i n  t hi s experiment 
ranged from 0 .  0 t o  a m ax im um  of 1 .  6 x 1 0 5 ce ll s /ml or 8 .  1 x 1 03 ce l l s / 
50 1Ul s amp l e . The d a ta o f  T ab l e  1 8  were p l o t t e d  i n  F i g ure 1 9 .  T he 
. l . . 1 06 number of m i l l i l i t e r s of non synchroni z ed ee l s con t a i n i n g  x 1 
ce l l s /m l  w e r e  p l o t t ed vers us C o u l t er Co un t er c o un t s  for channe l 1 3 . 
T h e curve o f  F i c ur e  1 9 from 0 . 0 m l  t o  2 . 0 m l app e a r s  t o  be l i n e ar . 
A concen tra t i on o f  ce l l s  gre a ter t han 2 . 0 ml ca u s e s  m u l t i channe l s h i f t .  
Ther e for e ,  a l in e ar regre s s i on c urve was o b ta i ned by us i n g  program 3 
in t he A p p e nd i x  t o  o b ta i n  F i c ure 20 .  T h e  corre l a t i on coe f f i c i e n t o f  
t he d a t a  for a l i n ear re gre s s io n  was 9 9% i n t he ran g e  o f  O. O t o  2 . 0 
ml con t a i n i n g  o . o to 8 x 1 04 ce l l s /m l  or 0 . 0 to 4 . 0 x 1 03 ce l l s / 50 1Ul . 
F i e .  1 8 .  
7 9  
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Chann e l N umber n .;J lf) 0 •O I]• {'J (') '1 -
D i ff erence i n  coun t s  o f  channe l 7 o f  a n t i body coa t ed la tex 
d u e  to  ad sorp t i on o f  nonsync hron i z ed S .  typh irn ur i urn  ce l l s . 
channe l d i f ference ( • - • - ) • 
Ta b l e  1 8 .  C hang e  i n  channe l coun t s o f  an t i s e r wn coa t e d  l a t e x  w i t h  
t he i n cr e a s e  i n  concen tra t i on o f  syn chron i z ed s .  typhi ­
m ur i um c e l l s . 
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L i near regr e s s i on o f  C o ul ter C o un t er d a ta of chann e l  1 3 . 
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The r e fore , t he m i n imum number o f  nonsyn c hron i z e d  �· t yph i m ur i um 
ce l l s  whi c h  wer e  d e t e c ted by t he C o u l t e r  C o un ter an t i s e r um coa t e d  
l a t ex me t hod wa s ap prox ima t e ly 1 02 0  ce l l s / S O  � l  s amp l e  ( Fig . 1 9 ) . 
H i t h  t he f ur't he r  s t udy o f  concen tra t ion o f  la t ex ,  an t i s er wn  and ce l l s ,  
i t  may b e  po s s i b l e t o  d e t e c t  fewer ce l l s . 
S ummary 
The C o ul t e r  C o un t er an t i s e r um  coa t e d  l a tex me thod d e ve l op e d  by 
Pari kh ( 4 9 )  and P ar i kh e t a l . ( S O ,  Sl ) for t he d e t e c t i o n  o f  v i r u s e s  
( sma l l , par t i c u l a t e  an t i gen ) a nd b y  O l s e n  ( � 6 ) for d e t e c t i o n  o f  
en t e ro tox i n  B ( s o l u b l e an t i gen ) has b e e n ex tend ed i n  t hi s  s t udy to 
the de t e c t i o n  of ba c te r i a  ( S almo n e l l a  _ce l l s  - r e  la t i  ve ly l arge par t i c­
ul a t e an t i 3e n s ) . The s eri s i t i v i t y  o f  t he m e t hod p e rm i t t ed t he d e t e c ­
t i on o f  6 1 2  c e l l s / 5 0  tU l  o f  synchroni z e d  �. typhimuri um ce l l s  and 
1 02 0  c e l l s / S O  All of t h e  n o n s yn chron i z e d  ce l l s .  
CON CLUSIONS 
l .  Sa lmon e l la ce l l s can be d e t e c ted by a Co ul ter Coun ter vo l ume d i s -
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placemer:t me thod u s i n g  s pe c i f i c  po lyvalent 0 an t i serum coa ted la tex 
par t i cl e s . 
2 .  The p lo t o f  i ncr ease i n  ce l l  concen tra t i on ver s �  C o ul ter C o un ter 
channe l co un t s  is l inea l for c e l l number from 612 to 2 ,  Ol� O 
ce l l s / 50 lll l .  
3 .  C e l l  con centra t i on s  gre a t er than 2 , 04 0  cc l l s / 5 0 �1 can b e  ana lyz ed · 
by m u l t i channe l s h i f ts . 
4 .  Son i ca t i on f or 1 0  m i n u t e s  i s  impor tant to o b t a i n  l a t ex monomers 
from d im e r s , t r imers and polymers of l a t ex . 
5 .  A n t i serum coa t s the l a t e x  monomers and i n creas e s  t he vo l wne to · 
ca u s e  a s i n g l e  chann e l  s h i f t . 
6 .  The op t ima l conce n tra t i on o f  an t i s erum pro t e i n  n i tro gen t o  form 
a mono laycr on l a tex i s  2 . 8 7 5  ug / 5 0  Afl . 
7 .  The op t im um s y s t em for u s e  in the C o u l ter C o un t e r  con s i s t ed of a 
1 : 2 0 , 0 0 0  d i l u t ion of  t he Dow C hemi ca l 1 0% ( w /v)  s us p e n s i on o f  
l a t ex par t i c l e s  d i l u t ed i n  I so ton and coa ted w i t h  0 . 5 m l  o f  H or 
0 an t i s erum con t a i n i n g  1 . 1 5  me /m l of an t i s er um pro te in ni tror;en 
or 2 . 87 5  uc / 5 0 .ul an t i s erum pro t e i n  n i trogen . 
8 . Sen s i t iv i ty o f  the C o u l ter Coun t er l a t ex me thod i s  m u ch grea ter 
t han t he s l id e  agg l u t i na t i on me t hod whi c h  d e t e c t s  6 1 2  ce l l s / 50 �1 
4 
. l and 2 5 x 1 0  c e l l s / SO Ml re spe c tive Y •  
9 . Sen s i t i vi t y  o f  t he C o u l t e r  C o un ter l a tex me thod i s  much gre a ter 
than t he t ube aggl u t ina t ion me thod whi ch d e t e c t s  6 1 2 ·  ce l l s / 50 N l 
and 5 0  x 1 06 ce l l s / SO � l  r e s p e c t ive ly . 
1 0 .  The an t i serum coa t ed l a t ex -S a lmone l la ce l l  comp lex i s  capab l e  o f  
d e t e c t ing s p e c i f i c  H or 0 S a lmone l l a an t i s e r wn us ing t h e  Cou l ter 
Co u n t c r . :vo l ume d i sp la c emen t me t hod w i th a sens i t ivi ty of 
Q02 8 7 5 U E / 5 0  � l  o f  pro t e i n  n i troge n . 
1 1 .  Thi s me t hod d e t e c t s  bQ th synchron ized and nonsynchro n i z e d  
�.  typhimuri um ce l l s . 
1 2 .  The l inear i ty o f  d e t e c t i on o f  n o n syn c hron i z ed ce l l s range s from 
0 . 0 to 4 . 0 x i o3 ce l ls / S O �l w i t h  a 9 9% core l a t ion coe f f i c i ent . 
13 . The lowe s t  n umb er of nonsynchron i zed ce l l s  whi ch wa s d e t e c t e d  by 
t h i s  me t. hod wa s 1 02 0  ce 1 1
.
s / 50 JU L  
8 5  
8 6 
. \ 
A P P ENDIX 
T A BL E  l • P R O G R A� C F  S T C R A G E  O F  D A T A  C N  C A S S E T T E 
T A ? E  F G R  C G �?U T E P  ANALYS I S  F R O G RAMS . 
1 0  c o� A , Z , D � C 2 2 4 J , T I C 3 , 3 3 J  
2 0  R E M  D AT A I N P UT F OR C OU LT E R  C OU NT E R  
3 0  R E M  
4 0  M A T  T = Z. E R  
5 0 D I S P  . E N T E R  F I LE F OR DAT A S T ORA G E
• ; 
6 0 I N PU T  F 
7 0  D I S P . E NT E R  DA T A  D E S � R I P T I O N : 7 L I N E S - > O F 
3 2  C HAR A C T � R S  C R  L£ S S  ; 
8 0 F OR I =  1 T C  7 
9 0  I N PU T  D � [ l * 3 2 - 3 1 , I * 3 2 J  
1 0 0 N E XT I 
1 1 0  D I S P  . E N T E R  F I R S T  A N D  L AS T  T H RE S H C L D  ; 
12 0 I N P U T  A ,  Z 
1 3 0 F O R T = A T O  Z 
1 4 0  D I S P  . E N T E R  3 C OU NT S  F O R T • · ; T ; 
1 5  0 I N PU T T [ 1 , T J , T C 2 , T J , T ( 3 , T J 
1 6  0 N E XT T 
1 7 0 S T O R E  DAT A  F 
1 8 0  E N D 
T AB LE 2 .  PRO G RAM T C  L I S T  D A T A  S T C RE D  C N  
C AS S S T T E T APE 
1 0  C OM A , Z , D � ( 2 2 4 J , T I C 3 , 3 3 J  
2 0  REM C OULT E R  C OU NT E R  DAT A L I S T I N G  
3 0  R E M  
4 0 ·D IM  A . H  3 J 
5 0  C l = O 
6 0  D I S P  • L I S T DAT A ALS O 
7 0  I N PU T  Ai 
80 I F  A i = · N o · T HE N 1 0 0 
9 0  C l = l 
1 0 0  D I S P  . E N T E R F I R S T  & L AS T F I LE F O R  L I S T · ; ·  
1 1  0 I N  PUT F 0 , F 9 
1 2 0  F On I = F O  T O  F 9  · 
1 3 0 L O A D  DATA I 
1 4 0 W R I T E  < 1 5 , 1 5 0 > 1  
1 5 0 F OR MAT 2 / , . F I LE , · , F 4 . 0 
1 6 0  F OR J = l T O  4 
1 7 0  W R I T E  l l 5 , 1 8 0 > . · , D � C J * 3 2 - 3 1 , J * 3 2 J , •  
18 0 F OR MAT F l . 0 
1 9 0 I F  J = 4 T P. E N  2 2 0 
2 0 0 W R I T E  < 1 5 , 1 B O > D i C J * 3 2 + 9 7 , J * 3 2 + 1 2 8 J  
2 1 0 N E X T  ,J 
2 2  0 V R I T E  l 1 5 , 2 3 0 > A , Z 
23 0 F O RMAT . T H RE S H O LD . , F3 . o , ·  T O. , F J . O  
2 4  0 I F  C 1 = 0 T HE l  4 3  0 
25 0 T = A 
26 0 F O R K =T T O  T + l O  
2 7 0 W R I T E  t l 5 , 2 8 0 > K ;  
2 8 0 F O R M AT F 6 . 0  
2 9 0 I F  K = Z  T EE N  3 1 0  
3 0 0 N E XT K 
3 1 0 P R I N T 
3 2 0 F O R  J = l  T O  3 
3 3 0 F OR K =T T O  T + l O  
34 0  W R I T E · t l 5 , 3 5 0 > T C J , K J ;  
35 0 F OR M AT F 6  • G 
3 6 0 I F  K = Z  T H E N  3 8 0  
3 7 0 N E XT K 
3 8 0 P R I N T 
3 9 0 N E X T  J 
4 0 0 T = T + l l 
4 1 0 I F  T < =  Z T HE N 2 6 0 
4 2 0  N EXT I 
4 3 0 E N D  
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T A 3LE 3 .  FF.AG PAM T C  C AL C U L tf f E  P..l'! D F L C T  C t-i?. P ££ L  C C U N T S  
F R C . C O UL T E R  C OU N T E R L AT E X T H RE S H O L D D A T A  
1 0  C O M A l , Z l , D � C 2 2 4 J , N S C 3 , 6 0 J 
2 0  R E M  
3 0  R E M  C O UL T E R  C OUNTE R PR O G RAM 
4 0  R E M  F O R C EAN NEL C O U N T S  
5 0 REM 
6 0  REM 
7 0  REM DATA I N PU T  
8 0  RE M 
9 0  D I M  T S [ l 8 , 6 0 J , C S E 5 , 6 0 J , M S C 5 J , S S C 5 J , X S C 5 J  
10 0 D I M  A 1' [ 3 J , C .D C 5 J , Q .t> C l 0 1 J , P .b C l 0 1 l  
1 1 0  D I M  T .ii ( l 6 0 J , S .i> C l 6 0 J , H ,i, C 1 0 0 J 
i 2 0  c .n = · 1 2 3 4 5 · 
1 3  0 F O R 1 = 1  T 0 1 0 1 
1 4 0  � .i> C I , I J = · • 
1 5  0 N E XT I 
1 6 0 Q .i. ( l , l J = · * · 
1 7 0 D I S P  . E NT E R  T I T LE : l O  L I N E S  < = 3 2  S PA C E S · ; 
18 0 F OR I = 1 T 0 5 
1 9 0 I N PU T  T :b C I * 3 2 - 3 1 , I * 3 2 J  
2 0  0 N EXT I 
2 1  0 F O P. I =  l T 0 5 
� 2 0 I N PU T  S i C I * 3 2 - 3 1 , I * 3 2 J  
2.3 0 N EXT I 
24 0 D I S P  . E N T E R  e O F  D A T A  S ET S : < = 5 
2 5 0 I N PUT N 
� 6 0 D I S P  • E NT ER H E A D I N G S :  < = 2 0  S PAC E S  ; 
27 0  F OR I = l  T O N 
2 8 0 I N P U T  E » C l * 2 G - 1 9 , I * 2 0 J  
2 9 0 N EX T  I 
3 0 0  D I S P  · E � T E R F I R S T  A � D  LAS T T H RE S H C L D  H 
31 0 I N PUT A , Z 
3 2 0 D I S P  . E NT E R  A P E RT U R E  S E T T I N G  
3 3  0 I N PU T . A 8  
3 4 0 D I S P  . E NT E R  A T T E N UAT I O N S E T T I N G  
3 5  0 I N PU T  A 9  
3 6 0 C 4 = 0  
3 7 0 D I S P  · o o  Y OU � I S H  S E PA RA T E  S C AL E S  ; 
3 8 0 I N P U T  ?. � 
3 9 0 I F  A � = · YE s · T H E N  4 6 0 
4 0 0  D I S P  · o o  Y O U  W I S H  T O  S ET T E E  S C AL E  ; 
4 1 0 I N PUT A �  
4 2 0 I F  A � = · N a · T E E N  4 7 0  
4 3  0 C 4 = 2  
44 0 D I S P • E NTER �AX I M U� VAL U E  F O R  Y AX I S  ; -
45 0  I N P U T  M 
89 
TAB L E  3 .  C O NT I N U E D . A 
46 0 G OT O  4 8 0  
4 7 0 C 4 = 1 
4 8 0 D I S P  · r s Y C UR D A T A  S T C P. E D O N  T A PE 
4 9 0  I·N PU T  P.. i 
5 0 0 I F A ,i, = • N G • T HE N 6 4 0 
5 1  0 D I S P • E I JT E R  F I LE N U tv� BE R S  F O R  D A T A  
5 2 0  F O R I = l T O  N 
5 3  0 I I " PU T  X C  I J 
5 4 0 N EX T  I 
5 5  0 F OR I = l  T O  N 
5 6 0 L OA D  DATA X C I J  
5 7 0 F O R J = l  T O  3 
S b O F C R T =A T O  Z 
5 9 0  T C 3 * I + t J - 3 > , T J = N C J , T J 
6 0 0 N E XT T 
6 1  0 N E XT J 
6 2 0 N E X T  I 
6 3 0 G O T O  7 8 0 
64 0 F OR I =  1 T 0 N 
6 5 0 F O R T =A T O  Z 
6 6 0 D I S P  • E N T E R  C OU N T S  F G R  T w · ; T ;  
6 7 0 I N PU T  T C 3 * I - 2 , T J , T [ J * I - l , T J , T ( 3 * I , T 1  
6 8 0  N E XT T 
6 9 0  D I S P  . E NT E R ' O F  C C R RS C T I G N S · ; 
7 0 0  I N PU T  C 
7 1 0 F O R J = l  T C  C 
7 2 0 D I S P  - E N T E R  T , , R E A D I N G  e ,  A N D  C O UNT • ; 
7 3  0 I N  P U T  T ,  R ,  C (J 
7 4 0 T C 3 * l l - l ) + R , T J = C O  
7 5 0 N E XT J 
7 6 0 N E XT I 
7 7 0 R E M  
7 & 0  R E M  C OM PUTE C HA��2L  C O U N T S 
7 9 0 R E M 
6 0 0 F O R l = l  T O  N 
b l O F O R T =� T O  ( Z - 1 )  
8 2 0 M l = l T C 3 * J - 2 , T J + T C 3 * I - l s T l + T C 3 * ! , T J ) / 3 
8 3 0 M 2 = t T C 3 * I - 2 , T + l J + T C 3 * 1 - l , T + l J + T C 3 * 1 , T + l J > / 3  
84 0 C ( I , T J = I� 1 - M 2  
8 5  0 N E X T  T 
86 0 N E XT I 
b1 0 R E M  
86 0 R E M  F I N D  LAR G E S T  VAL U E  
8 9 0 R E M  
9 0 0 I F  C 4 = 2 T EE N 1 0 2 C  
90 
T A BL E  3 .  C OPT I NU E D . 
9 1 0 M = O  
9 2  0 F O R I =  1 T 0 N 
9 3 0 X ( I J = C C l , A J 
94 0 F OR C =A T 0 l Z: - 1  > 
95 0 I F  X ( I J > = C ( I , C J T HE N  9 7 0 
96 0 X C 1 J = C C  I ,  C J  
97 0 N E XT C 
9 8 0 I F  M > =  X ( I J T H E N  1 0 0 0  
9 9 0 M = X C I J  
1 0 0 0  N E X T  I 
1 0 1 0 I F  d 4 = 0 T HE N  1 0 4 0  
1 0 2 0  MAT X = C O N  
1 0 3 0  MAT X = l M > * X 
1 0 4 0 MAT X = ( l / l O O > * X 
1 0 5 0 R E M  
1 0 6 0  REM PR I NT DATA 
1 0 7 0  RE M 
1 0 8 0  F OR I = l  T O  5 
·--...... - .  
1 0 9 0 U R  I T  E ( 1 5 , 1 l 1 0 > T � C I *  3 2 - 3 1 , I *  3 2 J , Q :i>  C 1 l , 2 l J ; 
1 1 0 0  W R I T E  < 1 5 , 1 1 1 0 > 5 1 ( J-t'' 3 2 - 3 1 , I * 3 2 J  
1 1 1 0 F O RM.PT F l . O  
1 1 2 0  N E XT I 
1 1 3 0 P R  I N T  
1 1 4 0  F O R I = l  T O N 
1 1 5 0  \v R I T E ( 1 5 ,  1 1 6 0 ) .. · , H � C I * 2 G - 1 9 , I * 2 0 J , .. 
1 1 6 0 F ORMAT F l  • 0 
1 1 7 0 N E XT I 
1 1 8 0 P R  I N T  
1 1  9 0 F Ort C = A  T 0 Z 
1 2 0 0  K = l 
1 2 1 0 F O R I = l T O . N  
1 2 2 0  C l = T C K , C J  
1 2 3 0  C 2 = T C K + l  , C J 
1 2 4 0  C 3 = T C K + 2 , C J  
9 1  
1 2 5 0  M C I J = l C l + C 2 + C 3 l / 3 
1 2 6 0 S C I J = ( t � C 1 -M ( I J ) - .2 + � C 2 - � C I J i - 2 + < C 3 - X C I J > - 2 > / 2 ) .... u • 5 
l 2 7  0 K = K + 3  
1 2 8 0  N E XT I 
1 2 9 0  F C R I = l T O  N 
1 3 0 0 � R I T E l l 5 ,  1 3 1 0 > C , T C 3 * ! - 2 , C J , M C I J ;  
1 3 1 0  F O R MAT F 3 . 0 , 3 X , 2 F 8 . 0 , 3 X 
1 3 2 0  N E XT I 
1 3 3 0 P H l NT 
1 3 4 0 F OR I = l  T O  N 
1 3  5 0 W R  I T E t .1 5 , 1 3 6 0 ) T  C 3 * I - 1 , C J  ' S ( I J  ; 
T A B L E  3 .  C O NT I NU E D . 
1 3 6 0 F OR MAT 6 X ; F 8 . 0 , F o . 2 , 3 X 
1 3 7 0 N � X T  I 
1 3 8 0 . P R I N T 
l 3 9 0 F OR I = l T 0 N 
1 4 0 0  I F  l"l C I J = G T H E N  1 4 3 0  
1 4 1 0  S = l O O * S [ I J / ?': C l J  
1 4  2 0 G OT 0 1 4 4 0 
1 4 3 0  S = O 
1 4 4 0 W R I T E ( 1 5 , 1 4 5 0 ) T ( 3 * I , C l , S ;  
1 4 5 0 F OR MAT 6 X , F8 . 0 , F 7 . 2 , · i · , 3 x 
1 4 6  0 N E XT I 
1 4 7  0 PR I NT 
1 4 8 0  F OR 1 = 1  T O  N 
1 4 9 0  I F  C = Z T H E N 1 5 4 0  
1 5 0 0  �· R I T E ( 1 5 , 1 5 1 0 ) C C I , C J ; 
1 5 1 0  F OR MAT 3 X , F 8 . 0 , 1 4X 
1 5 2 0  NE X T  I 
1 5 3 0 PR I NT 
1 5 4 0 N E XT C 
1 � 5 0  R E M  
1 5 b 0 H E M  PL OT DATA 
1 5 7 0 REM 
1 5 8 0  U i H T E ( 1 5 , 1 5 9 0 > 1 2  
1 5 9 0  F Om� AT E ,  1 0 /  
1 6 0 0  F OR I = l  T O  N 
1 6 1 0  F OR C = A T C  t Z - 1 > 
1 6  2 0 C ( 1 , C J  = C ( I , C J  /XC l l 
1 6 3 0  N E XT C 
1 6 4 0  NE X T  I 
l 6 5 0 F OR I = 1 T 0 N 
1 6 6 0 I F  C 4 = 1  O R  C 4 = 2  T H E N  1 7 0 0  
1 6 7 0 W R I T E ( 1 5 , 1 6 8 0 > 1 ; 
1 6 8 0 F OR M AT 6X , F � . o , 2 x , · o · 
1 6 9 0 G OT 0 1 7 2 Cl 
1 7 0 0  W R I T E ( 1 5 , 1 7 1 0 > 0 ;  
1 7 1 0  F O RMAT 9 X , f 2 . 0 
1 7 2 0  F O?. J -= l T O  1 0  
l 7 3 0 l:J R I  TE ( l 5 , l 7 4 0 > J * X  [ 1 J ; 
1 7 4 0  F O R �AT 5 X , f 5 . 0  
1 7 5  0 N E X T  J 
1 7 6 0 PR I N T 
1 7 7 8  I F  C 4 = 1 OR C 4 = 2  T H E N  1 7 9 0 
1 7  5 0 1' E XT I 
1 7 9 0 �m I T E  t l 5 , 1 8 0 0 > • * • ; 
1 6 0 0 F OR :�AT 1 O X  
9 2  
T A B L E  3 .  C O NT I N U E D . 
1 8 1 0 F Ori l = l T O  1 0  
1 8 2 0 � R I T E l l S , 1 83 0 ) · - - - - - - - - - + · ; 
1 8 3 u F O R M AT F l  .. 0 
1 8 4 0  N E X T  I 
1 85 0 P R  I NT 
1 8 6 0  F OR C = P.. T O  t Z - 1 > 
1 8 7 6 P i> = Q .D 
1 8 8 9  M = O 
1 8 9 0  F OR I = l T O  N 
1 9 0 0  P = C C I , C J + l  
1 9 1 0 I F  P > =  1 T E E N  1 9 3 0  
1 9 2 0  P = l 
1 9 3 0  P � C P , P J = C � C I , 1 3  
1 9 4 0  I F  M > P  THE N 1 9 6 0  
1 9 5 0  M = P 
1 9 6 0  N E XT I 
1 9 7 0  W R I T E ( 1 5 , 1 9 6 0 > C � A 8 * A 9 * 0 . 0 9 
1 9 8 0  F O �MAT 3 X , F 6 . 2 , 1 X , · * • 
1 9 9 0  W R I T E ( 1 5 , 2 0 G O > C , P i C l , M J  
2 0 0 0 F ORM /'.\T 1 X , F 3 • 0 , 6 X , F 1 • 0 
2 0 1 0  N E X T  C 
2 0 2 0  W R I T E  l l 5 , 1 9 & 0 > C * A 8 * A 9 * 0 . 0 9  
2 0 3  0 E N D 
9 3  
- --
. 9 4  
T A B L E  4 .  PP O GR�� T C  C AL C U L AT E AN D F L O T T E E  C EA N N S L C C U N T 
D I F FE R E N C E S  F R C M T H E C C NT R OL L AT E X  C O ULT E R  C OU N T . 
1 0  C O M A i , Z l , o � c 2 2 4 J , N I C 3 , 3 3 J 
2 0  R E M  
3 0 R E M  C O UL T E R  C O U N TE R P P. O G RAM F OR 
4 0  REM D I F FE RE N C E S  I N  C HA N N E L  C OUN T S F R O M C O NT R O L 
50 R E M  
6 0  R E M  
7 0  R E M  DAT A  I N P U T  
6 0  R E M  
9 0  D I M  T I C 1 8 , 3 3 J , C I C 6 , 3 3 J , M I C 5 J , S S C 5 J 
1 0 0 D I M P � C 1 0 1 J , C � C 5 J , A i C 3 J  
1 1 0  D I M T � C l 6 0 J , S � C l 6 0 J , H 1 C l 2 0 J  
1 2 0  C » = · 1 2 3 4 5 • 
-
1 3 0  D I S P  � E NT E R  T I T L E : l O L I N E S  < = 3 2 S P A C E S · ; 
14  0 F OR I =  1 T 0 5 
1 5 0 I N PUT T � C I * 3 2 - 3 1 , I * 3 2 J  
1 6 0  N E X T I 
1 7  0 F OR I =  1 T 0 5 
1 8 0  I N P U T  S 1 C I * 3 2 - 3 1 , I * 3 2 J  
1 9 0 N E XT I 
2 0 0 D I S P  . E N T ER � O F  DATA S E T S • ; 
2 1 0 I N PUT N 
2 2 0 D I S P  • z N T ER DATA H E A D I N G S : < = 2 0  S PAC E S · ; 
a; l) r O R  I = l T lJ N 
2 4 0 I N PU T  H 1 C I * 2 0 - 1 9 , I * 2 0 J  
25 0 N E XT I 
2 6 0 D I S P  . E NT E R F I R S T AND L A S T T H RE S H O L D  6 • ;  
21 0  I N PUT A ,  Z 
2 8 0 D I S P  • E N T E R A P E P.T U R E  S E T T I N G  
2 9 0 I N PUT A B  
3 0 0  D I S P  • E NT ER A T T E NUAT I O N S ET T I N G • ;  
3 1  0 I N PUT A 9  
3 2 0 C 4 = 0 
3 3 0 D I S P  · o o Y O U  W I S H  T O  S E T T H E  S C AL E  
34 0 I N PUT A i,  
35 0 I F  A 1 ==  .. N O • T H E N  3 9 0  
36 0 C 4 =  1 
3 7 0 D I S P  . E N TE R  M I N & MAX V ALU E F O R S CA LE 
38 0 I N PUT Y , X • 
3 9 0 D I S P  • 1 5 Y O UR DAT A S T O R E D  C N  T A PE ; 
40  0 IN P U T  A1 
4 1 0 I F  A i = · N o ·  T E E N  5 7 0 
4 2 0 D I S P • E NT ER F I L E  N UMBE R F O R  DAT A  S E T  i · ;  
LG O  I N PUT X C ! l  
44 0 F OR 1 = 2 T O  N 
45 0 D I S P  .. CAT A S ET , · ; 1 ; 
T AB L E  4 .  C G NT I N U E D . 
45 0 D I S P • DAT A S E T  , · ; 1 ; 
4 6 0 1 . PUT X C ! ]  
47 0 NEXT I 
4 8 0  F CR I = l T O  N 
4 9 0 L OA D  D P.T A X C  I J 
5 0 0 F OR J = 1 T 0 3 
5 1  0 � f..R T =A T 0 Z 
5 2 0 T C 3 * I + t J - 3 ) , T J = N C J , T )  
5 3 0 N EXT T 
5 4 0 N E XT  J 
5 5  0 I E XT 1 
5 6  0 G OT O  7 1 0  
5 7 0 F OR I = 1 T 0 N 
5 8 0  F OR T =A T O  Z 
5 9 0  D I S P  . E N T E R C O U NT S  F OR T , · ; T ; 
6 0 0 I . PU T . T ( � J� I - 2 , T J , T C 3 ·:t I - 1 , T J , T ( 3 * I , T J 
6 1 0 NEXT T 
6 2 0  D I S P . E N T E F. • O F  C O RRE C T  I O NS • ; 
6 3  0 I NPUT C 
6 4 0 F OR t.J = l  T O  C 
6 5 0 D I S P 
.. E NT E R  T ,, ,  R E A D I N G  1 ,  AN D C OU NT · ; 
66 0 h P U T  T , R ,  C 0 
6 7 0 T C 3 * t l - l > + R , T J =C O  
6 8 0  N �XT J 
6 9 0  UEXT I 
7 0 0  REM 
7 1 0 REM C OM PUT E C HA N NEL C OUNT S 
7 2 0  R EM 
7 3 0 F O R l = l T O N 
7 4 0 F O R T =A T O  t Z - 1 >  
7 5 0 M l = t T C 3 * 1 - 2 , T J + T C 3 * I - l , T l + T C 3 * 1 , T J > / 3 
7 6 0 M 2 = t T C 3 * I - 2 , T + l J +T C 3 * I - l , T + l J + T C 3 * I , T + l l > / 3 
77 0  C C I , T J =� l - � 2 
7 8 0 N EXT T 
7 9 0  N EXT I 
6 0 0 REM 
8 1 0 R EM PR I NT DATA 
8 2 0 R EM 
83 0 F OR 1 = 1 T 0 5 
84 0 W R  I T E  ( 1 5 , 8 5 0 ) • • , T ..D C I * 3 2 - 3 I , I * 3 2 ] » 
.. ; 
8 5 0 F O R M P:.. T  F l  • G 
86 0 V R I T E  ( 1 5 , 8 5 0 ) 5 i> C I * 3 2 - 3 1 , I * 3 2 l  
87 0 N E X T  I 
8 8 0 P R I N T 
8 9 0 W R I T E t l 5 , 9 0 0 > H i  
9 0 0 F O RMAT F l . O  
9 5  
T A B L E  4 .  C ONT I NU E D . 
9 1 0 F OR C =A T O  Z 
92 0 K =  1 
93 0 F OR I = 1 T C  N 
94 0 C l  = T  ( K ,  C J  
95 0 C 2 = T C K + 1 , C J 
96 0 . � 3 = T ( K + 2 , C l 
97 0 M [ I J = l C l + C 2 + C 3 > 13 
9 6  
9 8 0 S C I J = l ( ( C l - M [ I J > - 2 + ( C 2 - M ( l J > - 2 + t C 3 - M C I J ) - 2 ) / 2 ) - o . s  
9 9 0  K = K + 3  
1 0 0 0  N E X T  I 
1 0 1 0 F O R I = l  T O N 
1 0 2 0  � R I T E l l 5 , 1 0 3 0 > C , T C 3 * I - 2 , C l , M ( I J ; 
1 0 3 0  F C R� AT F 3 . 0 , 2X , � F 6 . 0 , 3 X 
1 0 4 0  N E XT I 
1 0 5 0  P R I N T 
1 0 6 0  F O R  1 = 1  T O  N 
1 0 7 0  W R I T E l l 5 , l O B O > T C 3 * I - l , C J , S C i l ;  
1 0 8 0  F O R M AT 5 X , F 6 . 0 , F 6 . l , 3 X 
1 0 9 0  N E XT I 
1 1 0 0 P R I N T 
1 1 1 0  F OR 1 = 1  T O N 
1 1 2 D I F  ?v. C I J = O  T H E N  1 1 5 0  
1 1 3 0  s � ! O C * S C ! l / M C I J  
l l 4 0 G OT 0 l l 6 0 
1 1 5 0  S = O 
1 1 6 0  � R I T E < 1 5 , 1 1 7 0 > T C 3 * 1 1 C J , S ;  
1 1 7 0  F OR rv. AT 5 X , F 6 . 0 , FS . l , · 1 · , 3 x 
1 1 8 0 N E X T  I 
1 1 9 0 P R I N T 
1 2 0 0 ' I F  C = Z T HE N  1 3 0 0 
1 2 1  0 F O R I =  1 T 0 N 
1 2 2 0  I F  I = l  T HE N  1 2 6 0  
1 2 3 0 W R I T E t l 5 , 1 2 4 0 > C C I , C J , C [ I J C J - C ( l , C l ;  
1 2 4 0 F O R MAT 2 X , 2 F 6 . 0 , 6X 
1 2 5 0 G OT 0 1 2 8  0 
1 2 6 0 W R I T E < 1 5 , 1 2 7 G l C C I , C l ;  
1 2 7 0  F O R M AT 2 X , F 6 . 0 , l 2 X 
1 2 8 0  N E X T  I 
1 2 9 0  F R I N T 
1 3  0 U N E X T  C 
1 3 1 0  P. E M  
1 3 2 0 RE M F I ND D I F FE RE NC ES F ROM C ONT R OL 
1 3 3 0  R E M 
1 3 4 0 F C R ! = 2 T O N 
1 3 5 0 F OR C = A T O  < Z - 1 ) 
T A B L E  4 .  C G NT I NU E D . 
1 3 6 0 C [  I , C J = C C  I , C J - C C  l , C J  
1 3 7  0 NEXT C 
1 3 8 0  N E XT I 
1 3 9 0 F OR I = l  T O  < N - 1 ) 
1 4 0 0  F OR C = A T O  < Z - 1 >  
1 4 1 0 . C [ l , C J = C C I + l , C J  
1 4 2 0  NEXT C 
1 4 3 0 NEXT I 
1 4 4 0 REM 
1 4 5 0 REM F I N D LA P. G E ST VALU E S  
1 4 6 0 REM 
1 4 7 0 I F  C 4 = 1  T H E N  1 5 8 0  
1 4 8 0 X = O 
1 4 9 0  Y = O 
1 5 0 0  F OR I = l  T O  <. N - 1 > 
1 5  1 0 F OR C = A  T 0 <. Z - 1  > 
1 5 2 0  l F  X > =  C C I , C J  T H E N  1 5 4 0  
1 5 3 0 X = C U , C J  
1 5 4 0 I F  Y < =  C C l , C J  T HE N  1 5 6 0 
1 5 5 0 Y = C C I , C J  
1 5 6  0 N E XT C 
1 5 7 0 N E X T  I 
1 5 8 0  S = ( X - Y i / 1 0 0 
1 S 9 0  REM 
1 6 0 0  REM F L O T  DAT A 
1 6 1 0 R E M  
1 6 2 0  W R I T E  < 1 5 , 1 6 3 0 > 1 2  
1 6 3 0 F OR MAT 3 , 3 /  
- - -
1 6 4 0 F O R I = l T O  5 
1 6 5 0  W R I T E < 1 5 , 1 6 6 0 > .  · , T � C I * 3 2 - 3 1 , 1 * 3 2 l , ·  
16 6 0 F O R MAT F 1 • 0 
1 6 7 0 W R I T E <. 1 5 , 1 6 6 0 > S i C I * 3 2 - 3 1 , I * 3 2 l  
. 1 6 8 0 N E X T  I 
1 6 9 0 W R I T E  < . 1 5 , 1 7 0 0 >  
1 7 0 0  F OR MAT 5 /  
1 7 1 0  Q = < A BS <. Y / 5 ) )  
1 7 2  0 F OR I =  1 T 0 < N - 1  > 
1 7 3 0  F OR C = A T O  < Z - 1 > 
1 7 4 0  C C I , C J = I NT < < C C I , C J / S > + Q + O . S >  
1 7 5 0 NE X T  C 
1 7 6 0 N E X T  I . 
1 7 7 0 P R I N T T A 3 6 ; 
1 7 8 0 F O R J = O T O  1 0 0 S T E P  1 0  
1 7 9 0  W R I T E < 1 5 , l B O O > Y + J * S ; 
1 8 0 0 F OR MAT F S . O , S X 
9 7  
T A B L E  4 .  C O NT I NU E D . 
1 8 1 0 N E XT J 
1 8 2 0 P R I NT 
1 8 3 0 \tJ R I T E  t 1 5 , 1 8 4 0 > • it • ; 
1 8 4 I F 0 R MAT 1 0 x ' F 1 • 0 - -
1 8 5 0  F OR I = l T O  1 0  
1 8 6 0  W R I T E l l S , 1 8 7 0 > · - - - - - - - - - + � ; 
1 8 7 0 F OR MP..T F l . O  
1 8 8 0  N E X T  I 
1 8 9 0  P R I NT 
1 9 0 0 F C R  C = A T O  l Z - 1 > 
1 9 1 0 F O R I = l T O  2 0  
1 9 2 0  P b [ ! * 5 - 4 , I * 5 J = •  
1 9 3 0 N E X T  I 
1 9 4 0 p .0 [ Q ,  Q l = .  + .. 
1 9 5 0 M = Q 
1 9 6 0 F C R  I = 1 T C  < N - 1 > 
1 9 7 0  P = C C I , C J + l  
1 9 8 0  P � ( P , P J = C � C l , I l  
1 9 9 0  I F  M > P  T H E N 2 0 1 0  
2 0 0 0  M = P 
2 0 1 0  NEXT I 
2 0 2 0  W R I T E : l 5 , 2 0 J 0 ) C * A 6 * A 9 * 0 � 0 9 
2 0 3 0 F G R �AT 3 X , F 6 . 2 , 1 X , � + · 
2 0 4 0 W R I T E t l 5 , 2 C S O > C , P i C l , M J 
2 0 5 0 F O ?.MAT l X , F 3 . 0 , 6 X , F l . O  
2 0 6 0 N E X T  C 
2 0 7 0 W R I T E  l 1 S , 2 0 3 0 ) C * A 8 * A 9 * 0 . 0 9 
2 0 8 0  E N D  
9 8  
. -----
T A B L E  5 • F P O G R?.X . T O C P.L C U LAT E Al! D PL O T  T H E  L I I\= AR 
RE G -=�s s  I O N  C f  C O UL T  S R  C O UP T E R  C E P. :'J .lE L C O U N T S . 
1 0  REM : L I NEAR RE G R E S S I O N 
2 0  REI·1 
3 0  REM : I N PUT DAT A 
4 0  D I M D ( 2 , 7 5 J , R [ 3 , 1 5 J , X � [ 3 2 J , Y� C 3 2 J  
5 0 D I M P .ii C 1 0 1 J , Q � C l 0 1 J  
6 0 D.� Wi A �  [ 3 J , C i;  ( 3 J , D ,;,)  ( 3 J , J .i. [ 3 J ,  Ki ( 3 J 
7 0  MAT D = Z E R  
75 MAT D = t 9 9 9 > * D 
8 0  �?.T E = Z E R  
9 0  F O R  I = l  T O  1 0 1 
1 0 0  Q .i> [ [ , I J = · • 
1 1 0  N EXT I 
1 1 5 Q � ( l , l J = · *  .. 
1 2 0  D I S P  . E NTE R ' DAT A S E T S : < = 3 ; 
1 3  0 I N PU T - N  
1 4 0  D I S P  • E NT E R  T I T LE F O R  X - AX I S : < = 3 2 C HA R · ; 
1 5 0 I N PU T  X � C l , 3 2 J  
1 6 0  D I S P  .. E I. T E R  T I T LE F O R  Y-AX I S : < = 3 2 C HA ct  .. ; 
1 7 0 I N PU T  Y 1 C l , 3 2 J  
1 8 0  D I S P  .. D O  Y OU W I S H  T O  S ET T HE S C ALE 
1 9 0 I N PU T  A iJ  
2 0 0 I F  A � = - YE S  .. T HE N  2 2 0  
2 1  0 G OT O  2 6  0 
22 0 D I Z P  .. E N T E �  XM I N , X�AX 
23 0 I N PU T  X 0 ,  X9 
24 0 D I S P  • E NT E R  YM I N , YMAX • ; 
25 0 I N  PUT Y 0 , Y 9  
26 0 D I S ?  .. ENTER .. ; N ; · C HAR . F O R  DATA PL OT • ; 
27 0 I N PUT C i  
2 8 0 D I S P  . E N T E R . ; N ; · C H A R . F O R L I �E PL OT 
2=.1 0  . I N PUT D i  
3 0 0  F OR I = l  T O  N 
3 1 0 N l = l  
3 2 0 J = l l - 1 > * 2 5 + N l 
3 3 0 D I S P  .. E N T E R  A DATA P O I NT : X , Y ; 
3 4 0  I NPUT D [ l , J J , D [ 2 , J J  
3 5 0 I F  D C l , J J = 9 9 9  T HE N  4 4 0 
3 6 0 R [ I , l J = ?. [ ! , l J + l  
3 7 0 R C I , 2 J = R C I , 2 J + 0 [ 1 , J J 
3 8 0 R [ l , 3 J = R [ I , 3 J + D [ 2 f J J 
3 9 0  R C ! , 4 J = R ( I , 4 J + D ( l , J J - 2 
4 0 0 R ( ! , 5 J = R [ l , 5 J + D [ 2 , J ) A 2 
4 1 0 R C I , 6 J = R [ ! , 6 J + D ( l , J J * D ( 2 , J J 
4 2 0 N l = N l + l 
43 0 G OT O  3 2 0  
4 4 0 N E XT 1 
4 5 0 REM : C O MP UT E  RE G RE S S I ON C OE F F I C I E NT S 
. 99 
T A B L E  5 .  C C NT l � U E D . 
4 6 0 F OR I = l T 0 N 
4 7 0 R ( I , 7 J = R ( ! , 2 J / R [ I , 1 J  
4 8 0 R C I , 9 J = R [ ! , 3 J / ?. ( I , 1 J  
4 9 0 X 2 =R C I , � J - ?. [ l 1 1 J * R C I , ? J - 2  
5 0 0  Y 2 = R C I , S J - ?. C l , 1 J * n [ I , 9 J - 2 
5 1 0 ' R C r ,  8 J = < X 2 / l R [  I ,  1 J - 1 ) )  .. 0 . 5 
5 2 0 R C I , 1 0 J = l Y 2 / l R C I , l J - 1 ) )  ... 0 . 5  
5 3 0 R [ ! , 1 1 ] = <. E ( I , 6 J + R [ l , 1 J * R C I , 7 l * R ( l , 9 J - r c r , 9 J 
* ?. C I , 2 J - R C I , 7 J * R C I , 3 J ) / X 2  
5 4  0 R ( I , l 2 l = <. <. Y 2 -X2 -;:. ?. C I , 1 l J - � ) I <.  R ( I , l J - 2 ) ) - 0 • 5 
55 0 R ( I , 1 3 J = <. R ( I , 1 l J •l X 2 ) I <. t X 2 ·;} Y 2 j ... 0 • 5 ) 
5 6 0 R C I , l 4 J = R C I , 7 J - <. R C l , 9 J / R C I , 1 1 J )  
5 7 0 R C 1 , 1 5 J = R C I , 9 J - R C I , 7 J * R [ I , 1 1 J 
5 8 0  N EXT I 
5 9 0  I F  A � = - YE S • T HE N  7 5 0 
6 0 0 R E1' : F I ND LP.R GEST VALU E S  
6 1 0 X O = X 9 = 0 [ 1 , 1 J  
6 2 0 Y O = Y 9 = D C 2 � 1 J  
6 3 0 F CR I = 1 T 0 N 
6 4 0 F GR J = l  T O  R C I , l J  
6 5 0 I F  D ( l , J J  > = X O  T HEN 6 7 0 
6 6 0 X O = D C l , J J  
6 7 0 I F  D C l � J J  < =  X9 THE N 6 9 0 
6 8 0 X 9 = D C 1 , J J  
6 9 0 I F D [ 2 , J J > = Y 0 T EE N  7 l 0 
7 0 0  Y O = D C 2 , J J  
7 1 0 I F  D C 2 , J J  < =  Y9 T HE N  7 3 0 
7 2 0 Y 9 = D C 2. , J J  
7 3 0 N EXT J 
74 0 N EXT I 
7 5 0 S i = C Y 9 -Y 0 ) / 1 0 0  
7 6 0 S 2 = C X 9 -X 0 ) / 5 0  
- 7 7  0 REI� : PL OT 
7 8 0 PR I � T W BYTE 1 2  
7 9  0 lUH T 1 2 3 L! 
8 0 0 P R I N T  . L ! N 3 ; T A 8 5 4 ; 
8 1 0 � TI I T E  t l 5 , 9 2 0 > Yi 
8 2 0 PR I N T L I N l ; T A E 1 2 ;  
83 0 F O? J = 0 T 0 l 0 0 S TE P  1 0 
8 4 0 W R I T E  t l 5 � 8S O > Y O + J * S l ;  
8 5  0 F O?.�AT F l  0 • 1 
86 0 N E X T  J 
8 7 CJ PR I N T 
B B O W R I T E  t l 5 , B 9 0 > · + · ; 
8 9 0 F GRMAT 1 9X , F l . O  
9 0 0  F O rt  ! = l  T O  1 0  
-
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T AE L E  5 .  C C NT I N UE D . 
9 1 0 W R I T E  l l S , 9 2 0 > · - - - - - - - - - + · ;  
9 2  0 F O R i,,iAT F 1 • 0 
93 0 N EX T  I 
94 0 P R I NT 
95 0 C =  0 
96 0 f GR I =X O  T O  X 9  STE P 5 2  
97 0 C = C + l  
9 8 0 P i = Q l>  
9 9 0 M = O 
1 0 0 0  F OR J = l T O  N 
1 0 1 0 F O R K = l T O  R C J , l J  
1 0 2 0  L = l J - 1 ) * 2 5 + K  
10 1 
1 0 3 0  I F  I - S 2 / 2  < =  D C 1 , L J  A N D  D C 1 , L J < I + S 2 / 2  T H E N  1 0 5 0  
ID 4 0 G GT 0 1 0 8 0 
1 0 5 0  P = l ( D ( 2 , L J - Y 0 ) / 5 1 ) + 1  
1 0 6 0  M -= P  
1 0 7 0  P � C P , P J = C £ C J , J l  
1 0 8 0  NEXT K 
1 0 9 0  P = l l l R C J , 9 J + R C J , 1 1 J * l l - R C J 1 7 J > > - Y 0 ) / 5 1 ) + 1  
1 0  9 1  I F  F > 0 .  5 T HE N · 1 l 0 0 
1 0 9 2  P = l 
1 1 0 0  ! F  M > P  T HE N  ! 1 2 0  
1 1 1 0  ; ·: ::. P 
1 1 2 0  P � [ P , � J = D � E J , J j  
1 1 3 0  N EXT J 
1 1 4 0  I F  C > 8  A N D  C < 4 l  T HE N  1 1 6 0  
1 1 5 0 G OT 0 1 1 9 0 
1 1 6 0  W R I T E t 1 5 ,  l 1 7 0 > X .ii ( C - b , C - 8 J , I , P� [  1 , M + l J 
1 1 7 0  F OR MAT e x , F B � 2 , 2 X , F l . O  
1 1 8 0 G OT 0 1 2 1 0 
1 1 9 0  U R I T E  l l 5 1 1 2 C D > I , P � C l , M + l J 
1 2 0 0 F ORMAT F 1 7 • 2 ,  2 i( ,  F l  • 0 
1 2 1  0 l'J E XT I 
1 2 2 0 R E M : PR I NT DAT A 
1 2 3 0  PR I NT � BYTE 1 2  
1 2 4 0 H A I T  1 23 4  
1 2 5 0 FR I I-JT L Ii'J4 
1 2 6 0 F O R  I = l T O  N 
1 2 7 0 U R I T E  t 1 5 , 1 2 B O > S PA 5 , · DAT A S ET . - , I , S F A 2  
12 0 0 F O S:MAT F 4 . 0 
1 2 9 0 NE X T  I 
1 3  0 0 PR I NT 
1 3 1 0  M = R C l , l J 
1 3 2 0 I F  M > R C 2 , 1 J  T EE N  1 3 4 0  
1 3 3 0 M = R C 2 , l J  
1 3 4 0 I F  M > R C 3 , 1 J  THEN 1 3 6 0  
1 3 5 0 M = R C 3 , 1 J  
T A E L E  S .  C C NT I N UE D .  
l 3 6 0 F 0 R I = l T 0 l1 
1 3 7 0 F O P  J = l  T O N 
1 3 6 0  K = < J - 1 ) * 2 5 + 1  
1 3 9 0  I F  D C 1 , K J = 9 9 9  T H E N  1 4 3 0  
1 4  0 0 T, J p  I TE ( l 5 '  1 L! l 0 )  D ( l ' K ] ' D  ( 2 ,  K J ; 
1 4 1 0 F C RE.�T 3 X , 2 F 7 . 2 , 3 X 
1 4 2 0  G OT G  1 4 4 0  
1 4 3 0 B R I TE < 1 S , * > S PA2 0 ;  
1 4 4 0 N E XT J 
1 4 5 0 PR INT 
1 4 6 0 i·J EXT I 
1 4  7 0 PR I NT L IIH 
1 4 8 0  P i = · • O F  DAT A P O I NTS 
S T . DE V .  O F  X 
1 4 9 0 Pi [ 6 1 J = - ME A N  C F  Y 
1 5 0 0  Q � = - RE G RE S S I O N C OE F . 
C ORRE LAT I ON C OE F . 
�EAN O F  X 
S T . DE V . O F  Y 
S T AN DA R D  E R R O R  
1 5 1 0 C i [ 6 1 J = · X - I N T E R C E PT Y - I N T E RC E PT 
1 5 2 0  PR I NT S P A5 , - DAT A S E T d · , S PA S ; 
1 5 3 0 F G R  I = l  T O  N -
1 5 4 0 W R I TE t l 5 , 1 5 5 0 > I ; 
1 5 5 0 F O IMt!i.T f 7 . 0 , 3 X 
1 5 6 G  rt [ l , 6 J = E [ I , l J  
1 5 7  0 N E XT I 
1 5 8 0  PR I NT 
1 5 9 0  F O R  I = l  T O  1 0  
1 6 0 0  I F ! > 5 T EE N  1 6 3 0  
1 6 1 0  W R I T E  t l 5 , * > S P A 7 , P� [ I * 2 G - 1 9 , I * 2 0 J ; 
1 6 2 0  G OT C  1 6 4 0  
1 6 3 0 W R I T E  l l 5 , * ) S ? A 7 , Q i ( ! * 2 0 - 1 1 9 , I * 2 0 - t O O J ; 
1 6 4 0 F O R  J = l T O N 
1 6 5 0 U R I T E  t l 5 , 1 6 6 0 > R C J , I + S J ; 
1 6 6 0 F O RMAT F 7 . 2 
1 6  7 0 !': EXT J 
1 6 8 0 P R I NT 
1 6 9 0 1,1 EXT I . 
1 7 0 0  D I S P · o c Y OU U I S �  I NT E R P OLAT I O N P O I NTS · ;  
1 7 1 0 I N  PUT J b 
1 7 2 0  F O R  I = l T O  N 
1 7 3 0 P R I NT L ! N l 
l 7 4 0 \·J p I T E t l 5 , 1 7 5 G ) I , l R C I , 9 J - ?. [ l ' 1 1 J -i�- ?. E I , 7 J ) , R ( I , 1 1 J 
1 7 5 0 F O RMAT s x , - E QUAT I O N , · , F 2 . o , · : · , 3 x ,  
. 
-
) ( .. ..... 7 3 - ) .  ... -• y : l • , f 7 . J ,  + . 1 r  • J w A 
1 7 6 0 I F  J i = · N o · T EE N  1 9 2 0  
1 7 7  (J F?. UlT 
1 7 8 0  D I S F  - E� T E� Z�D CR X OR Y 
1 7 9 0 l N PUT ... J __; 
1 8 0 0 ! F  J � = - EN D .  T E E N  1 9 2 0  
102 
TA B LE ' S . C O NT I N UE D . 
1 8 0 0  I F  J i = . E N D •  T EE N  1 9 2 0  
1 8 1 0 D I S P  . E NT E R  · J � - - VALU E  
1 8 2 0  I N PUT V 
1 8 3 0 · I F  J k = · x · THEN 1 8 7 0  
H:s 4 0 Ki> = · x ·  
. . , 
1 8 5 0  Z = R C I , 7 J + ( V - R C 1 , 9 J ) / R C I , 1 1 J  
1 8 6  0 G OT 0 l 8 9 0 
1 8 7 0 K..O = · y• 
1 8 8 0  Z = R C I , 9 J + R ( I , 1 1 J * < V - R C I , 7 J ) 
1 8 9 0  J R I T E  l l 5 , 1 9 0 0 l . F O R  - J � · = · v , x� · = · z 
1 9 0 0  F ORMAT 7 X , F 7 . 2 , 3 X , F 8 . 2 
1 9 1 0 G OT 0 l 7 8 0 
1 9 2 0  N E XT I 
1 9 3 0 E N D  
.. __  
10 3 
TA EL E 6 .  PR O G RAM T O  I � T E R P C LA T �  AND ? L O T  DA T A  
O F  C O UL T ER C O U NT E !i  C P.A N N E L  C O UNT S . 
1 0  c o� J I [ l 4 , 5 ] , S S ( 2 5 6 , 5 ] , N , I O , X O , Y O , X 9 , Y 9 , 
G 5 ( 2 5 6 , 2 ] , L l ( 1 4 J , s � c 2 5 5 J , H � [ b 0 J  
2 0 D I !'!: l � [ 4 , 4 J , I [ 4 , 4 ] , A [ 4 J , V ( 4 J 1 P I ( 1 4 J , P .1 c· l 4 l , 
G .L  C l 3 3 J , O JJ  C l 0 3 J , Q J)  C l 0 3 J 
3 0  �E . :ARK : G E NE R A L  I !\J TE R P OLAT I O N AN D G F.A PH I N G ,  
F ! L E ll  0 
4 0  RE M * * * * * * * * * * * * * * * * * * * * * * * * * * 
5 0  RE M * * *  DATA I N P UT S E C T I ON * * * 
6 0 REM * * * * * * * * * * * * * * * * * * * * * * * * * *  
7 0  D I S P  • E NTE R D E S C R I PT I ON O F  DATA . 
8 0  I N PUT H J>  
9 0  D I S P S PA 7 . N U M BE R OF CU RVE S 
1 0 0 I N PU T N 
1 1 0  tF N - I NTN T H E N  1 3 0 
1 2 0 I F  N > =  1 AN D N < =  1 4  THEN 1 5 0 
1 3 0  D I S P  S PA S � E R R G R : RE - EN TE R NU� EE R . - S PA4 , 
1 4  0 G OT O  l 0 0 
1 5 0  D I S P  
1 6 0  I N PU T ! 0 
I N T ERVAL O F  I NT E R P C L AT I O N 
1 7 0  I F  1 0 > 0  T H E N  2 1 0 
1 8 0 D I S P  . RE -E NTE R : I NT E RVAL N O T  P O S I T I VE . · ; 
1 9 0  G O I' O  1 6 0 
·2 0 0  F O m'J AT 2 X , F 3 . 0 , 2 F S . O  
2 1 0 S 9 = I NT t 2 5 5 / N )  
2 2 0 I F  5 9 < 4 0 T HE N  2 4 0 
23 0 5 9 = 4 0 
24 0 R O = N 
2 5  0 J l = 0 
26 0 J 2 = 1 = P = l 
2 7  0 MAT J = Z E R  
2 8 0 X O = Y 0 = 9 E + 9 9  
2 9 0 X 9 = Y 9 = - 9E + 9 9 
3 0 0 F OR J = 1 T 0 N 
Q 2 0 0 · • n " "-"E O .r"" C U R  VE .. J • ? .. S 9 • C HAR . ..  3 1  0 O U T P U T  ( · � ,  > .\ r-.. .  
� 0 · D I S  P Q .D , 
3 3 0  I N F U T  S .D C I J  
34 0  L [ J J = LE N < S i ) 
35 0 MAT V =Z ER 
3 6  0 M.CtT I'-1 = Z E R  
3 7 0 � ( 4 , l J = D l = l  
3 8 0 D I S P  · 1 s T  x , Y  DATA P O I N T  - · s i C I J ;  
3 9 0 I N PU T X , Y  
4 0 0 I F  X ff 9 9 9  OR Y� 9 9 9  TEEN 4 3 0  
4 1 0 D I S P  R E - E N TE R : 4 P O I NT S  M I N I M UM . , 
42 0 G OT O  3 9  0 
4 3 0 I F  X > =  X O  T HE N  4 5 0 
4 4 0 X O =X 
45 0 X l  = X - I  0 
104 
j 
T A B L E  6 .  C C �T I N U E D . 
4 6 0 
4 7 0 
4 8 0 
4 9 0 
5 0 0  
5 1 0 
5 2 0  
5 3 0 
5 4 0 
5 5  0 
5 6 0 
5 7 0 
5 8 0 
5 9 0 
6 0 0 
6 1 0  
6 2 0 
6 3 0  
64 0 
6 5  0 
66 0 
6 7 0 
68 0 
6 9 0  
7 0 0 
7 1 0 
7 2 0 
7 3  0 
7 4 0 
7 5 0 
7 6 0 
7 7 0 
7 & 0 
7 9 0  
8 0 0 
8 1 0 
8 2 0 
83 0 
84 0  
8 5 0 
86 0 
87 0 
8 8 0 
8 9 0 
9 0 0 
G OT O  7 0 0 
W A I T  25 0 0  
R O = R O + l  
' G [ R O ,  l J =X 
G ( R 0 , 2 J = Y 
R E M : S H I F T MAT R OW S  
F OR K = l  T O  3 
F OR L = l T O  4 
� [ I< , L J = t-1. ( K + l , L J 
N E XT L 
V C K J = V C K + l J 
N E XT K 
P 9 = X C 3 , 2 J 
D l = D l + l  
D I S P  · x , Y  - DAT A P T  • •  D l ; S � ( I J ;  
I N Pur - x , Y  
I F  x , 9 9 9  OR Y t 9 9 9 T HEN 6 6 0 
I F  0 1 >4 T P. E N  7 0 0  
·--
D I S P . RE - E N T E R : 4 P O I NT S  M I N I MU M . · ,  
G CT O 6 1  0 
I F  X > P 9 T EE N  7 0 0  
D I S P  • RE - E N T E R : X N O T  A S C E N D I N G . 
G OT O  6 1 0 
?.EM : BU I L D C O -E F F  MAT 
F OR P O = l  T O  3 
M [ 4 , P O + l J =x · p o  
N E XT F O  
V C 4 J = Y 
I F  0 1 < 4 T H E N 4 7 0  
R EM : I N T E R P OLAT E ; . M I N , M AX Y 
M AT I = I N V < M >  
M AT A = I * V 
J l = J l + l 
I F  J l  < =  2 5 6 T H E N  8 2 0 
J l = 1 
J 2 = J 2 + 1 
' 
X l = X l + I O 
R [ J l , J 2 J = A C 1 J + A C 2 J * X l + A C 3 J * X l  ..
. 2 + A C 4 J •x 1 • 3 
I F  P. C J 1 , J 2 J  > = Y O  T H E N  8 6 0 
Y O = R C J l  , J 2 J 
I F  R C J 1 , J 2 l  < =  Y 9  T H E N  8 8 0 
Y 9 = R C J 1 , J 2 J  
I F  X l < P 9  T H E N  7 8 0  
I F  X N 9 9 9  O R Y1 9 9 9  T H E N  4 8 D 
J C J , 3 J = R O  
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T A E L E  6 .  C ONT I N U E D . 
9 1 0 J [ J , 4 J = J l  
9 2 0 J ( J , 5 J = J 2  
9 3  0 I = L C J J + 1 
94 0 I F  X I  < =  X 9  T HE N  9 6 0 
95 0 X 9 =X l 
10 6 
96 0 D I S P  .. A VA I L  S PAC E : I N = . 2 5 6 - R O . OU T = - 1 5 3 6 - 2 5 6 * J � -J l 
9 7 0  'WA I T  2 0 0 0 0  
9 8 0 N E XT J 
9 9 0 D I S P  S P P 7 - W R I T E T H E  R E S U LT S  • ;  
1 0 0 0  I N PUT 0,i) 
1 0 1 0 D I S P  S PA 7 . G RAPH _ T H E R E S U LT S  · ; 
1 0 2 0  I N PUT G .i>  
1 0 3 0  I F P OS t G � , - N o • > T EE N  1 1 0 0 
1 0 4 0  I = l  
1 0 5 0  F O R  K = l T O  N 
·--
1 0 6 0  D ! S P . P O I NT -S YM B OL F O R  · s i C I , L C K ) J ;  
1 0 7 0 I N PUT P � C K , K l  
1 0 8 0  I = L C K J + l  
1 0 9 0  N E X T  K 
1 1 0 0  D I S P  S P A S . RE AD Y P R I N TE R ,  RE PLY O .  
1 1 1 0  I N PUT J 
l 1 2 0 ! F P 0 S { 0 1 r .. �\J 0 .. ) THE f\: r 8 4 0 
l i 3 0 H E M  * ..c- w * * •JC- * if * :; :!· -!Ht ·:!- * � rr iH} -)t * * * � * * 
1 1 4 0  R E M  * * *  WR I T E DAT A  S EC T I O N * * * 
1 1 5 0  R E M * * * * * * * * * * * * * * * * * * * * * * * * * *  
1 1 6 0  RE M : W R I TE I N I T 
1 1 7 0  J l = - 1  
1 1 8 0  G C l , l J = G C N + l , l J  
1 1  9 0 G C l , 2 J = N+ 1 
1 2 0 0 F O R  J = 2 T O N 
1 2 1 0 K = J [ J - l , 3 J + l  
1 2 2 0 G C J , l J = G C K , l J 
1 2 3 0 G C J , 2 J = K  
1 2 4 0  N E XT J 
1 2 5 0  G CS U B  2 9 1 0 
1 2 6 0 J l = J  1 + 2 
1 2 7 0  J 2 = J l + l  
1 2 8 0  I F  J 2  < =  N T HE N  1 3 1 0 
1 2 9 0  J 2 = N  
1 3 0 0  R E M : HEA D I N GS 
1 3 1 0  P R I NT L I N 1 , W BYTE 1 2  
1 3 2 0 WA I T  1 0 0 0  
1 3 3 0 W R I T E  t l 5 , 1 3 4 0 > P • 
i 34 0 F O RMAT . PA G E . , 2 f 3 . 0 
1 3 5 0 PR I NT _ L I N l  
DAT A 
T A B L E  6 .  C O NT I N UE D .  
1 3 6 0  P = P + l 
1 3 7 0 K = L = O  
1 3 8 0 F OR J = J l  T O  J 2  
1 3 9 0 G OT 0 J 0 F 1 4 1 0 
1 4 0 0 ' K = L C J - l J 
S = 2 3 - I NT l l L [ J J - K > 1 2 >  
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1 4 5 P � I N T · c E L L W I DT H  = · c  
1 6 0  B = S O 
1 6 5 D I S P  • E i lT l T O  PR I I'J T  D AT A · ; 
1 7  0 I N PUT D 
1 6 0 I F  D = O T H E N  2 0 0  
1 9 0 P R HJ T  .. DAT A •  
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1 6 0 PR I NT "' N O .  T O O S MALL = . R3 
1 7 0 I F  R 4 = 0 T li E hi  1 9 '0  
l B O  PR I NT "' N G .  T C O �A ? G E = . fi4 
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